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PREFACE. 



In bringing out a new edition of thin little work, the 
author has chieflj been animated by a doHire to embody 
in a simple form the many new facts which have of late 
years been added to vegetable physiology. Every part of 
the book has been oarefally revised, and many now wood- 
cuts added ; but the most material alterations will be 
found in connexion with the physiological part, and 
that relating to classification. The latter has boon 
much abridged, so that though a good deal of now 
' matter has been added, the size of the book has boon 
hardly, if at all, increased. 

Almost all the new woodcuts have been obtained— as 
were many of the old ones — from the publishors of 
M. Payer's beautiful ** Eltoents do Botaniqne,'' a )h)o\c 
but little known in this country. There is no division of 
natural science where good illustrations are so nsofnl aH 
in botany, and as far as is compatible with choapnoss, 
they cannot be too numerous. It has been with this 
idea, and with the desire of enlisting the sympathies of 
young gtudenttf, that the additions have bocn made Ut 
the iUn«trationfl in this volume. Tk)tany shotild, if 
possible, be studied at school, or at all events l/cf^n'o thi? 
medical student has entered on his strictly v^^^^^^^^^^^ 
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work ; and it is to this class these illustrations are most 
useful. This little manual is in no way intended to 
supersede larger and more important text books. It is 
only an introduction to botanical science. To those 
desirous of extending their studies in physiological botany 
more especially, the author would strongly recommend 
Sach's " Text Book of Botany," now obtainable in an 
English dress. 

London : November^ 1876. 
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INTRODUCTION. 

Botany is that dupa/rtment of natural aclfinco which treat h 
ofpla/ntii m all their relations. Seeing, then, that Botany 
deals with plants and plants only, the question which has 
to be settled first of all is, ** What is a plant P'* Like 
many other questions, this is far more easily propounded 
than answered. In fact, no definition can bo given which 
will include every vegetable and exclude every animal, 
for, though the distinctions between the higher divisiouH 
of the animal and vegetable kingdoms are numerous and 
well-defined, it is not so in the case of those organisms 
which are the lowest representatives of these two king- 
doms, and which have been by some erected into a separate 
group termed the Protista. Heeing, then, that no very 
exact definition can be given, the short and concise way 
in which Linnaeus stated the distinctions between th<i 
three grand divisions of Nature, will serve as well as 
a more elaborate and less easily remembered statement. 
He (Linnaeus) phrased the difierences between the mineral, 
vegetable, and animal kingdoms very much as follows : — 

MiNEBAiii Grow. 
Plants Grow and Live. 
Animals Guow, Livk, and Feel. 

As the relations of plants are numerous and extenHive, 
it is usual to divide the study of them into several \Kirt« \ 
in other words. Botany is subdivided into vano\xRV)TaTv<^^iv>», 
which it is advisable to treat (separately. TVie^tt %\]^Q• 
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divisions we (1) Morphology, (2) Physiology and Physio- 
logical Anatomy, (3) Nosology or Patliology, (4) Systematic 
Botany, (5) Qeograj)hical Botany and Paloeontological 
Botany. 

1. Morphology is that department of Botany which 
treats of the outward forms of plants. It may be sub- 
divided into the Morphology of Flowering (Phanerogamic) 
and of Flowerless (Cryptogamic) plants. 

2. Phtsiological Anatomy and Physiology comprehend 
all that relates to the minute structure and functions of 
plants, and is also usually made to include the — 

3. Nosology or Pathology of plants, which treats of 
their diseases and their structure when diseased. 

4. Systematic Botany is that part which treats of the 
arrangement of plants into groups, characterised by the 
possession or absence of some particular point or points, 
and is of two kinds — viz., (1st) that which seeks to classify 
plants by any one character, however carefully selected, 
and (2nd) that which seeks to group plants by the sum of 
their characters, and not by any one of them. The former 
is known as the artificial, the latter as the natural systems 
of classification. 

5. Geographical Botany and Pal^ontological Botany 
are usually treated of together ; the former takes cogni- 
zsjace of the distribution of plants in space — i.e., over the 
surface of the globe ; the latter, of their distribution in 
time, that is, in the various strata of the earth's crust. 

These various subjects will be discussed in the order 
above indicated, beginning with Vegetable Morphology. 



PART I. 



. SECTION I. 

MORPHOLOGY OF PHANERO- 
GAM I A. 

Ip a seed, such as a pea, bean, or 
aooiT), be placed in damp soil, and 
kept at a moderate temperature, it 
soon begins to swell. By-and-by, a 
small-protrusion is seen, wbicb soon 
becomes distin^uisbable into two 
well-marked divisions, of which one 
always tends- to grow upwards to- 
wards the light and air ; the other 
sinks deeper in the earth, and shuna 
the light. To the part which grows 
upwards are attached two organs 
more or less leaf-like, which, in 
some cases, ultimately become 
leaves. In this germinating seed 
all the parts of the plant are sha- 
dowed forth, for every organ be- 
longing to the mature plant is only 
a modification of one or other of 
the parts of this embryo. 

That part which grows upwards 
is terminated by a little bud ; it is 
called the Plumule and becomes 
the stem. The part which grows 
downwards usually produces the ^ . . 
roots, and is called the Radicle, ora T^rD?c^t^l^ iTx 
The part where these two are joined ^^ ^^^.^^ ^0? ^o^l\l 
to each other is called the Tigellus, dona ; t, T^^XJiub. 

B 2 
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or Collar, while tHifr lateral organs receive the name of 
Cotyledons. (See Figs. 1, 2, 3, 4, 6.) 



Figs. 2, 3, 4, 6. 











Germination of an acorn, showinff the development of the radicle 
and plumule. This readily takes place when an acorn is placed in 
water. Such young plante suspended in a hyacinth glass form 
beautiful table ornaments. 

The Boot, or portion of the plant de^eloi^ed from the 
radicle, will be best described first. 



CHAPTBE L 



T][K root majr be defined as the deieerutiiig axin of llif 
plant, which uitially penetratee tlie gromid, toJUe theplmil 
and ahenrb nnv/riekmenl olreaiiii in a fluid side. To this 
definition there are certain objecttonB, — lor inatance, in 
plants hanging from the roofs of cavee, the roots aitcenil 
iDBt«a<l of descending. Again, in aerial and aquatic plants 
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tlie roota may not rea^ the ground, and in that case, they 
cannot abstract nonriBhinetit from it. These objectiona, 
however, have ve^ little weight, being merely technical. 

Eoota developed from the radicle are termed aiial or 
TRUE roota ; all others are claaaed together as adven- 
titious roots. The former (imaZ) are found in planta 
having two aeed-lohes, and hence termed Dicotytedons, 
or, from the stmctnre of their stema, Exogena. In such 




Multiple Toote of the Toung Melon (Dicotyledon), 



jDlanta as have but one aeed-Iobe (Monacotyledone], ajid 
£airg that pgoaliBr kind ot stem called Endogenous, adven- 
fiiioug roota alone oconr. 
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The axial roots of Dicotyledons appear to branch bj a 
bind uf bifurcation of the Krowing point. When one 
central part maint^ns a distinct superiority over all the 
other divisionB, so as to seem a contin nation of the st«m, 
it constitutes that form of root seen in the carrot, and 
called a tap root. On the other hand, should the branches 
of the radicle be numerous, and near! j all of the same size, 
the root is said to be fibhods ; snoh roots occur, moat 
freqnentlj, in plants growing in light sandy soil. 

In herbaceouB plants, the tap-root often becomes a re- 
servoir of nonriebment, for the use of the plant when it 
flowers, and is eitenaiTely used for food. It must, how- 
ever, be borne in mind, that, in the opinion of some bota- 
nists, these sac<!ulent tap-roota are only nnderground 
itema, and the rootlets projecting from them are the proper 
roots. Aa examrles of such roots, there may be men- 
tioned the carrot, which is called a fusiform, (apindle- 
Bhiqied) tap-root; the radish, which being thickest in the 
middte, is called a davMe funform tap-ruotj and the 
tnmip, which is called a nap^ortn tap-root. 

The roots of Monocotyledons, of the higher flowertess 




^berooM rood (Dahlia), 
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plants (Cryptogams), and of such Dicotyledons as are not 
raised from the seedi are always isvENTiTiona, Those of 
the two first groups branch by the development of new 
adventitious roots ; those of the last bifurcate in the same 
way as the axial roots of the same class ; but on this point 
all authorities are not agreed. 

As with axial roots there are two great divisious, so there 
are two of adventitious roots. Those corresponding with the 
tap-root of the carrot, and produced by thickening of some 
of the branches, are called t'uherous, and contain a store of 

Fio. 8. 




Aerial adTendtione mota (Ivy). 



nourishment for the future use of the plant — ex. Dahlia 
^.FKp 8). The adrentitiouB roots of palms are woody. 
2Se other varietj of root is tha Iwtoub, oai ia awm %t 
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the bases of liliaB, onions, Ac. (Fi^. 14). A mixtaie of thew 
two forms, called a FaadculatB root, is seen in Banunculos 

There are some peculiar modifcatiooB of roots which 
liave obtained special names, aa the coralline root, resem- 
bling in shape a coral necklace. This occurs in an orchid, 
hence called CoraUorhiza. 

When there are alternate expansions and contractions 
on the divisions of the root, the swellinga being a little 
apart, the root is called a moniliform root, but if close 
together an annular root, as in Ipecacuanha ; while if at 
irregular intervals the root is said to be nodulote, or 
noaoae (ex. Spinea filipendula). When a iap-root is 
twisted, instead of beincc straight, it is said to be con- 
lorled ; when it ends abmptlj, it is said to be premorse or 
Jnttea-off. 

Aerial boots are seen in the mangrove, where they are 
axial ; in the ivy (Fig.e), the vanilla plant (Fig. 10), and in 

Fia. 10. 




Aeriai roota ot the TanilU PUnl, 
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the banyan treo, where they are adventitious. In the Pan- 
dHDaB(Fig. 11) or Screw Kne, they appear to snpport the 




tree on stiltB, and they also occnr in tree-ferns. Id the 
fiodder, the original root decays ■When ftie"p\aiit\Mia\ieft'B. 
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able to graft itself on to another, or nurse plant, from 
which it afterwards draws its noanshment. 

Aquatic roots are found in such plants as the duck- 
weed, where they are floating ; and in the water ranun- 
culus, where they pierce the soil. 

Fio. 12. 




Creeping Stem with primary and secondary adventitious roots. 



In most cases, roots may be distinguished from root- 
stocks or rhizomes, which they closely resemble, by not 
producing leaves or buds, but additional particulars on 
this point will be given when discussing the structure of 
roots. 
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OFFICINAL HOOTS. 

Calumba — dried root (sliced) of Cocculus 

palmatus Tonio. 

Pareira — dried root of Cissampelos 

Pareira Tonic and Diuretic. 

Armoracia — ^recent root of, Cochlearia 

Armoracia (Horseradish) Stimulant and Tonic. 

Senega — dried root of Polygala Senega Expectorant. 

Krameria— dried root of Krameria Trian- 

dra (Bhatany ) — act. prin.Tannin, &c. Astringent. 

Glycirrmasa — recent and dried root or 

rhizome of Gljcirrhiza glabra Demulcent. 

Ipecacuanha — dried root of Cephaelis ) Emetic, Sedative, Diapho- 
Ipecacuanha (act. prin. Emetine) ... j retic. 

Taraxacum — ^recent root (rather rhi- 
zome) of Taraxacum Dens Leonis Alterative and Tonic. 

Gentiana — dried root of Gentiana lutea Tonic. 

Badix ScammonisD — dried root of Con- 
volvulus Scammonia Purgative. 

Jalapa — ^root tuber of Exogonium purga Purgative. 

Bheum — dried root of various species of) Astringent, Tonic, Porga- 
Hheum j tive. 

Sassa&as — dried root of Sassa&as offi- 
cinale Stimulant and Diaphoretic. 

Serpentaria — dried root of Aristolochia 

Serpentaria Stimulant and Tonic. 

Sarsa— dried root of Smilax Officinalis 

(Sarsaparilla) Alterative, Diaphoretic, &c. 

Badix Granati — bark of the root of 

Punica Granatum (Pomegranate) Anthelmintic. 

Valeriana — root (dried) of Valeriana 

officinalis (act. prin. Valerianic Acid) Antispasmodic. 

Arnica — root of Arnica montana Stimidant and Irritant . 

Hemidesmus — ^root of Hemidesmus In- 

dicus Alterative and Tonic. 

Badix BelladonnsB— dried root of Atropa 

Belladonna (act. prin. Atropia| ... Sedative. 

Badix Aconiti — aried root of Aconitum 

iN'apellus (act. prin. Aconitia) Sedative. 



NON-OFFICINAL ROOTS AND FORMERLY OFFICINAL ROOTS 

USED IN MEDICINE. 

Helleborus — dried root and rhizome of 

Helleborus niger Purgative. 

Actaea — dried root of Cimicifuga or ) Stimulant, Antispasmodic, 

Act»a raeemosa j &c. 

AIHuBa— dried root of Althaea officinalis 

(MarahmaUow) DemxAcenX.. 
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TorroentnU — dried root or rhisome of 

PotentUU Tormentilla Attrinffent. 

CtroU — recent root of Daucus Carota... Demukent. 

Sumlml-Muric root, source unknown... (®^^* •"^ Antispw- 

Inula — root of Inula Helenium (Ele- 
campane) Stimulant, Ac. 

Pjrethrum — root of Anacyclus Pjre- 

thrum (PelUtory) Sialogogue. 

Bpij^lia — root of Spigelia Marilandica 

(Caroline Pink) Anthelmintic. 
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CHAPTEE II. 

THE STEM. 

That part of the embryo whicli grows upwards, seeking 
the light, and having appendicular organs or leaves 
attached, is called the plumule^ and the developed plumule 
becomes the stem. The plumule is terminated by a bud, 
on which the elongation of the stem depends. This is 
called the terminal bud, and in such plants as do not 
branch (palms, &c.) there are no others. The branching 
of a stem depends on the formation of buds on the sides 
of the plant, which originating in the angle between the 
leaf and the stem (the axilla) are called axillary buds. 

That part of the stem where a leaf originates, from 
having the tissues mixed up in a peculiar manner, is 
called a Node, and the space between any two of these is 
termed an Internode, so that the whole stem is made up 
of these two — nodes and intemodes. In most plants the 
leaves are at some distance from each other vertically, in 
which case the intemodes are said to be developed ; where, 
however, the leaves rise close to each other, as they do in 
buds, in bulbs, &c., the intemodes are said to be unde' 
veloped, or but little developed, according to their degree 
of closeness. From this it is evident that the elongation 
of a stem is mostly due to development of its intemodes ; 
whilst a shortened or abortive condition of stem is due to 
their non-development. 

If a stem be examined after it has attained a consider- 
able size, it will be found that its appe adages vary in ap- 
pearance according to their position. At the lower part of 
the stem, where it is covered by the earth, if it have any 
kind of appendage at all, such will be in the form of 
scales. Hence this region of the stem is called the leap- 
scale region. 

In the central part of the stem again, the lateral 
organs take the form of fully developed leaves often bear- 
ing leaf 'buds in their axils. This is the typical region of 
the stem, and is called the leaf region. 
Jh the upper part of the plant the leaves are often 
modided in shape and colour, and bear mt\i^ aadla buds, 
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which, in coarse of time, develop flowere ingtcoil or bavuH. 
Such an|)ondaf;eB ore ciUlod BnmU, und tb<i {mrt churuc- 
terJBed Uj them iH called the ruiwKB i.KAr, orHiiMrr kkiiiun. 
All these rof^ione ma; not be repretientcJ in oiiu and 
the xamo plant. For descriptive purpuBUi the roHioim of 
the Btem and all kinds ot' stems themsolvuH may be 
divided into Uhui^HGkdund and Aehiai.. Thu formur am 
cbaracterieed hy leaf tculet, tlio latter by laavm and 

A. UNtI HUG HOUND STF.US. 

The variety of stem whoHO typical appoiidaKOB are luaf- 
Kalef) occurs roost fro^uently in horliocoous. pcruniiial 
plants. It is usually in part at least subterranean, and 

its roots arc K>^noriilly adventitious. According to thu 
manner in which thuv aro conntituted, and accurdin); tii 
their mode of dovolnpment, underKTOund stems aro 
grouped, as Utii.Bs, Coiius, BinzouEs, or Uixithtuckh, and 
Tia. 13. Fin. 14. 




A bulbof Voracali«cliuno(«lulbof ITyft- 

IIjiciDEb. dntb, ■huwiriK tbo wiliil porti'in <ir 

■torn, Iwt-Ksle*, uul llbnnia ruuU. 

TuBEBs. Most of these contain lar^e quantities of starch 
or other nourishment for the futuru une of tho plant, and 
which aro nsoful as food. In some cases pcculloii pTiAw^ 
Kader tbeteatie/iilia medicine and tho arta. 
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1. A BrtB may be defined as an uftdergroimd etem, re- 
maining 'permanently in the condition of a bud. The 
greater part of it ia ma^e Dp of leaf-scalea, the stem 
proper being represented b; tbe Bmall solid portion at the 
base. Accordino; ae the scaka completely or onlj par- 
tiaily sarronnd the bulb, varietiea known aa tunicated (as 
in the onion and hyacinth) and squamoua or scaly bnlbs 
(aa in the lily) are produced. 





The only officinal bulb is the 

UrgioM Sdlla (Squill), act. prin. nn- ) Expeotoiant, diuretic, erne- 
kuoim f tic 

2. The CoKM very cloaely roBemblea the bulb in its appear- 
ance, but differs in ibt conatitation. It is sometimea called 
a solid bulb. Instead of being chiefly made np of leaf- 

> tealee,itiB'niaiiiij COJnposedoi a,thickened stem with slightly 
t^e^eiOn/emodee surmounted hy a bitd. In the butb, the 
greater part conmMtB of £eaby sc^eBjOnly &BmaU''gBxtbehkg 
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ac-li'I atom. In the cnrm the roverse is the oaao, tliu ({'■'■'ii'tiir 
part being compOBoil of solid stem, leaf-Bcalca huliliiig a 
aecondary place. 
The only officinal corm is that of 




PerpeadieaLir teelioa of (he Corm of tha Ctucus. 
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3, The EnizoME, or Root-stock, very closely reBembles a 
root, for which it ie often mistaken ; it raaj, however, be 
distiogniBhed bj^ its poaBeeaing' the power of producing 
leaf-bods. It might be defined &§ aii mtderground stem, 
with its iniemodes but little developed, growing in a, linear 
direction at one extremity, while U dies away at the other. 
More loosely, it might be said to he a Beriea ^permanently 
connected comi a developin/j in a linear manner. From 
the corm it difiers chiefly in ila mode of development, for 
while in the corm the new conn is produced as a bad, in 
the axil of the leaf-scale, and becomes isolated by the 
decay of the old corm in the centre — tn the rhizome the 
old and new parts remain permanently connected— it 
grows at one end, while it dies at the other. The former 
may be said to develop centHfugally, the latter linearly. 

A kind of rhizome, which occnrs in grassy plants, 
growing in light soil, is known as a sosoles, or creepins 
STEM — a good example is the Garex arena/ria, so common 
on sandy hillocks near the sea. Many of the so-called 
* Fio. 18. 




OQ's Seal), 
medicinal roots are really rhizomes. The ofBcinal rhi- 

PodophjUum— dried tbiaome of Podo- 

ph jllum pelUtum, act. prin. Besins 

I Fodophjlli Cbolngo^e, FurgaliTe. 

Ziai^bei — ^ied rhiioms of Zingiber 

officmale Stimulant. 

F>Hx— rbizomeof AepidiumFiliimBB... Anthelminlic. 
J , Curcuma — liiiome of Curcunm, longaJ Stimulant and Colouring 

(Turifcio) i Agent. 

FOKMEELY OFJICINil:. 
Tortoealii)a—AtiedL loot or root-Block of 

PuteatUIa Tormpnttlla Aetringeut. 

yerateuai rbixorae ot Veratrum album . f uigatiie nut. 'B.i&etwBsnt. 
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i. The TuBEK ia commonly formed of a neatly iliictceneil 
portion of a branch given oS in the axu of a loitf-scak. 




Tuber (Potato), ihoinng budi In tho form of tjet. 

It has bnds in the form of eyea, capable of producing in- 
dependent stems. The best known examples are thf 
potato (Figs, 20 and 21) and artichoke. 

B. AesiAL Steus. 

The next part of the stem to be SODsiderod is that 
characterised by leafy appendages, and which is osnally 
known as the st«m proper. The appearance of aerial 
stems will vary with, Ist, the development of their inter- 
nodes ; iindlv. their branching (Fig. 221, which will in 
tnm depend on the arrangement of tneir leaves; and 
Srdly, on their consistence. They are most easily 

gouped by the last peculiarity, and are divided intt) 
EBBACXOUB (Fig. 23) and WooSY Stems. 

Id most cases, there is enough woody tisane prodnced 
to enable plants to stand npright. Such stems are said 
to be EBBCT, of which kind e!u onr forest trees are in- 
stances. ' • 

Sometimes the ccnaistence is not sufficient to enabli! 
the plant to preserve an erect position, except at its 
extremity, while the remainder rests on *^B ground ; 
inph a stem is said to be poocuhbbnt (Fig. z4), or de- 
cumbent, or ascehdino ; the first of these mdicaUna ^\m 
greatest amotint of flatness (example, thymfiV %\iot^ 
Bwh a ttem tend out advectitioiu TOota bX latien*^ 
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0, new variety known as the creeping (repeat) stem 
(Fig. 25) is produced, as is seen in Banuaculus repens. 

Some plants, though not strong enough to keep them- 
selves erect hj their own consisteDce, nevertheless con- 




trive to rise by clinging to larger plants or other objects, 
Accordiag to their pJan of doing this, they are divided 
fato cidxaaia aad twihikg. Clbw)mg atems -mae tVm- 
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Belvee bj tendrih, as in the pea, vine, &a, ; by advrnfi- 
tioug rooU, as in the ivy ; by »uckcr«, as in the djdtler, 
or by their leaf-atalka, ua in ixlematis. 

Twining giehs aupport themselves hj tvristing rnnnd 
the objects to which they are attached either frnm left tci 
right, as in the French bean, or from right to lell, us in 




Dichotomoiu bCMichea of the Mistletoe. 

the hop. The former are said to be dettrorse (Pig. 26), 
the latter nnUlrorge, following the same movement ae in 
throwing a plaid over the left ehonlder. 

Ab herboceooB stems have not suffidcttt iiwA^ -mB-Vuei 
to enable them to sarrive the coWb oS ^mW, Vnft-j MKa%- 
tiinea have the earth instead ot wood, as a. 'pTiAJMAhssa-, w 



f ELcxxsrAsr bqtaxt. 

Pis. 23. 




Htsbuteoiu Item oT Schinooactus. 

other words, their principal part ia undergroimd, and 
may, bj that means, become perenuial. The stem pecu- 
liar to n^ssB is called a cubaus, other herbaceous sterna 
being designated by the term eauUa. 
WooDi STEua, again, ore aeea onlj in planta deatiaed 

Fia. 21. 



Feoaambeat or tmSing at 
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for a somewhat prolonged eiiatence, and are divided, ac- 
cording to their mode of branching, into trankt and 
tfockt. Should the stem give off brancbee at varioni 
etevatioiiB, it would be called a tbuhk (troocus) ; whereas 




CiMfdng tttm at Teroniia. 

were the branches and the leaves confined to the summit, 
it wonld be called a stock (caadei.) The fjprmer is 
exemplified in most of cor forest trees, the latter in the 
paims. Some very cnrioos modifications of stema are 
seen in the Caotacese and tropical climbers. 

Repetiliom of the Axis. 

In the angles formed bj the leaves with the stem, are 
fonnd the leaf-huda, which by their ilevelopment produce 
hrwnchM. Tnese may be called repetitions of the atis. 
Uaaally only one bud epriags from the axil of a leaf, but 
sometimes, as in the Honeyauclcle (Loiiicera), several may 
be seen at one time in a single axil. 

Aa long BiB a plant continues to grow it is terminated 
bv a bndj differing from axillary buds only in poBition. 
Tba terminal bud is the continnatian of the plumule, 
whereas axillary buds orioiiiate as small cellular projec- 
tions, in the acute angles formed by leaves with the axio. 
In coarse of time these become identical in structure with 
the main axis, to which they are attached, and from which 
they originate. The aecondary oixim thus produced are 
called branches (rami), and the disposition of the branches 
of a plant is termed its ramificatioss. 

The main axis, then, is developed from ttw ■gVurn'oife ot 
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termiDal bud ol tlie embryo, while branches or secondary 
axes originate from axillary bnds groTiing from the main 
axes. These buda or secondary axes, as well as the terminal 
liud, consist of a rudimentary stem with ite internodes un- 
developed, and having rudimentary leaves attached to it. 
The whole is usually covered, especially in winter and early 




ConvolvuluB stem, turning from left to right (doilrorse). 

Bpring,with hardened scales.fortlie protection of the tender 
parts within. Should no lateral bnda be produced on a 
plant, or ahould those produced not develop into branches, 
as ia the case in palms, the stem, as alretuly explained, is 
called a slock or caudeas. If lateral buds develop into 
braucbes, whilst the central stem 'mBJiitaui& & a«c\&«A. 
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anperiority over all its repetitions, and it attains a rnnM- 
dersble height, such a plant is called a tiikk (iirl>nr.) 
Whore there is no dintmct central axis, or wlicri' tlii' 
pluat is of small size, though woody, it is callud a simi'ii 
idomea). 

All axillary buds do not develop into bmnrlu'S, inid 
sometimes they prove abortive in a regular onler. for 
ioatance, in somu pines all the Imds ri/miiin iindi'volomv) 
tor a certain interval, beyond which a number of bniuelicH 




'7 

Leaf of Brjophjlluiii prodi 



iR bud> al 



) 



rise BO olose together as to appear very like a whorl. 1')i<< 
buds which remain nndereloped, retain their vitality. 
At the same time they become ilnnantit or Intml, no thtit 
ihonld at any tirao the ordinary buds bo do«troyci], riH 
happens when a tree is partially cnt down, or the IiiidH 
are deetroyed by frost, they give rise to new iixi-h, H]>rinK- 
ing from apparently abnormal situations, f»T v,{ \\\a.^ 
time there Are no leavea in the axils of wWc\i t\\(S^ w>\\\ 
he deraloped. It also happens occasionaUy , ttmt \iw 
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arise in parta which do not usually produce them, as ii 
roots, edges of leaves (Fig. 27), &c. Both of these kindi 
are called adventitious. Some plants may even be pro 
pagated by cuttings from their roots. 

When more than one bud is developed in the axil of i 
leaf, one is looked upon as the normal axillary bud, whili 
the additional ones, as in the Honeysuckle, are said to hi 
ACCESSORY. Occasionally, several of these axillary budi 
may be developed in a mass, as in pines, giving rise t< 
what are called fasciated bbancues. 

Modified Repetitions of the Axis, 

The forms that have just been described are commoi 
enough, but some special modifications not so often seen 

Fig. 28. 




Propag^ula or Buxmers (Strawberry). 



have yet to be mentioned. In the Strawberry, long anc 
slender branches are produced in spring, which stretcl 
out till they touch the earth, and at that point produc( 
adventitious roots and leaves, in short, a new plant, whicl 
in its turn repeats the process. Such a branch is callec 
a Flagelluh or Eunneb (Fig. 28). A short and thicl 
variety of runner called a Propagulum or Offset, is seei 
in the Houseleek (Sempervivum). This connexion o 
the new plant with the parent stem may only be kept uj 
till the former can support itself, after which the runne: 
or offset may gradually disappear. 
J^ instead of creepiag along the surface of the ground 
tAe new axia, though rising at aome \iciv^\» «i\>QYe th( 
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1 downwards till it can tek* root, as la 
m in tlie Cvrranl and Gooseberry, it will be 
*nned a etolon. On the other hand, if the new axis 
mginate from tiiat part of the etem which is under 
ITonnd, and in that eitnation be partiallj developed, so as 
•0 rise aboro tiie snrface at some diatanca irom the 
MiBntj as now and then happens in the Raspberry, Base, 
lud Mint, such a secondarj axis is called a sucksr 
xisciTLnii), and the plant prodncing it is said to be 
WBCtTLOsB. When the part which rises above ground is 
UA and flesh;, as in the Asparagus when fit for eating, 
t is called a Tumo. 

The process of causing branches to take root and so 
iradiice new plants, may be imitated artificially, and in 
W called LATEBiNG whcu the branch is not separated 
ram the stem at once ; pbopag-uidn ai cottojos os slips, 
'hen it is so separated. 

Spines. — Besides these modifications of the secondary 
lea, a few ^et remain to be described. It sometimes 



Fia. 30. 



Fio. 80. 
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happens that an axillarf bud becomes eloDgateil to 
certain eit«nt, after which the leaves fall off, and the a: 
becomes greatly hardened. Such a modified branch 
termed a S?ine (Fig. 29). These modified branches rai 
not be confounded with the prickles Been on the hart 
the rose tree (Fig. 80), which are mere epidermal i 
pendages nontaining no true woody tissue ; nor with t 
THORNS which are developed on the edges of leaves, S 
as in the hoUj. As examples of spines, may be cited t 
BlacMhom, and the principal spines of the Pt^ze {TJlt 
r, the leaven ai " 



a which, however, t 



by clinging 




them by tendrUa (cirrbi), which are in some cases mi 
Bed hiBnches devoid of leaves {see Modified Leaves). S 
tendrils ocaar in t^e Passioa-flo'wer (Fassiflora), anc 
tbe Viae, In the latter case, 1iowCTet> ftio \«&iria 
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primary rather than Becondary axes ; and tho Hti*m 
oonsiBtH of a number of Hccondary axes ho arninged au to 
beera continuous (Fig. 31). 

All buds, save the terminal one, being only immature 
secondary axes, the purpose served by their connexion 
with the primary axis is merely for their nourishment. 
Should, therefore, a bud by any moans be enabled to 
support itself apart from the parent stem, it may be 
separated, and in this way there can be produced a new 
plant. Sometimes it happens that a leaf-bud l)ecomeH 
enlarged and succulent, in fact, becomes an aerial bulb, 
as in the Lilium bulbiforum (Fig. 32). Such secondary 



Fio. 82. 




l<ilium bulbifcrum, showini^ aerial bulbs or onlargod uxillarj buds. 

<^xen are capable of maintaining a separate oxiHtence, and 
the plant may be propagated uy them. Tlio plants ho 
pro(luced must, however, be looked upon as mere 
fepctitions of the individual— since, for the propagation 
of the species, ttpacial hudn are set apart and fitted for 
tlieir peculiar lunctions by various procesHOH to be 
'legcribcd hereafter. Such buds are called hkkds. Home 
of tho underground stems, more especially the tuhnvt 
should bo described under this head, aH bein^ mod\i^^vL 
branches ; but it was preferable to describe t\\^im vji\ \Ai 
gethar. 
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OPPICINAL STEMS, ETC. — BNTIRB PLANT OPTICINAL. 

Cliirata— entire plant of Ophelia Chirata, 

dried Tonic. 

Lobelia — entire plant of Lobelia inflata, 

dried Sedative and Antispasmodi 



POEMERLY OPPICINAL. 

Lactuca — ^flowering plant of Lactuca 

sativa (Lettuce) , , Sedative. 



WOOD. 

Guaiaci Lignum — ^wood of Giiaiacum ) Stimulant, Alterative, ai 

officinale j Diaphoretic. 

Quassia — ^wood of PicrsBna excelsa Tonic. 

Fterocarpus — wood of Fterocarpus San- 

talinus (Sandal-wood) Colouring agent. 

Haematoxylum — ^heart-wood of Hsema- 

toxylum Campeachianum Astringent. 

Dulcamara — ^young branches of Solanum 

Dulcamara Alterative. 

Acacia Catechu — ^wood yields an extract 

(Catechu) Astringent. 



BAEKS. % 

Cuspaiia — bark of Galipea Cusparia 

(Angostura bark-tree) Tonic and Antiperiodic. 

Cinchona Flava — bark of Cinchonax 

Calisaya, act. prin. Quina I 

Cinchona Kubra— bark of Cinchona Suo- 

cirubra, act. prin. Cinchonia and V-AU Tonic and Antiperiodi 

Quina 

Cinchona Pallida — ^bark of Cinchona! 

Condaminea, act. prin. Cinchonia.../ 
Cinnamomum — bark (mner) of shoots of 

Cinnamomum Zeylanicum Stimulant and Carminativ 

Nectandra — ^bark of JVectandra Bodiaei 

(Bebeeru-tree) Tonic and Antiperiodic. 

Mezereum — ^bark of Daphne Mezereum Alterative. 
Cascarilla — ^bark of Croton Eleuteria ... Stimulant and Tonic. 
Quercus — ^bark of small stems of Querctis 

pedunculata Astringent. 

Uhans — Uie inner bark (dried) of TJlmuB 

campeatna Tome o&ii kiXarai^QiiV. 
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FORMERLY NON-OFTICINAL BARKS USED IN MEDICINE. 

Cortex Winteri— bark of DrvmisWinteri Aromatic Tonic. 

Canella— bark oi Canella alba Aromatio Tonic. 

Simaruba— bark of Simaruba amara ... Tonic. 
Cortex Salicis — bark of Salix caprea 

(Willow) Tonic and Antiperiodic. 



OFPICINAL TOPS, ETC., OF PLANTS. 

Aoonitum — afresh leaves and flowering 

tops of Aoonitum Napellus Sedative. 

Sooparius — tops (fresh and dried) of 

Sarothamnus Scoparius Diuretic. 

Sabina— fresh and dried tops of Juniperus 

Sabina Local Irritant & Stimulant. 

Cannabis Indica — flowering tops of Can- 
nabis Saliva Sedative & Antispasmodic. 

Hyoflcyamus — fresh and dried leaves 

and joung branches of H joscjamus 

niger, act. prin. Hjoscjamia Sedative. 

Conium — b^esh leaves and branches of 

Conium maculatum, act. prin. Conia Sedative, &c. 



PECULLAR. 

Cbdla— excrescences caused by an insect 
on the small twigs of Quercus infec- 
toria, contain Tannin, &o. .• Astringent. 
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CHAPTER III. 

THE LEAP. 

Every one knows wliat a leaf is, but it is not so easy to 
define it. It may be called the " typical appendage of the 
stem,*' but that conveys no very definite idea. It might 
also be described as a flattened lateral expansion of the 
plant, but the onion has rounded leaves. The greai 
distinction laid down by Schleiden between stems and 
leaves is, that whereas stems are unlimited as to theii 
growth, leaves are strictly limited. None of these defi- 
nitions is entirely satisfactory. 

The leaf being the typical appendage of the stem 
every other appendage must be referred to its type, jusi 
as the bud is the type of the axis itself in all its repe- 
titions. 

Though leaves originate from the sides of the stem, 
they do not occur at random, but according to certain 
laws, which vary in difierent plants. These laws, and the 
study of them, are known by the name of Phyllotaxy. 

There are two grand types in the arrangement of 
leaves. In the one, no two leaves rise at the same level ; 
in the other, two or more leaves originate on a level vnth 
each other. The former, where only one leaf rises from 
each node, is known as the alternate or scattered type. 
Where, again, two leaves originate from each node — or 
rather, where two nodes coincide in point of elevation — 
the leaves are said to be opposite. When more than two 
leaves arise at one point, the leaves are said to be verti- 
ciLLATE, or whorled; the whole collection of leaves 
rising at that level being called a Verticil, or Whorl. 

Alternate Type. — It sometimes happens that the 
leaves are so arranged that there are only two perpendicu- 
lar rows of them on the plant (Fig. 33), these rows being 
exactly opposite to each other, and therefore separated 
by the whole diameter of the stem. Where such is 
the case, if, beginning with any one leaf, a strin? be tied 
to it, and be made to pass round the leaf next in order, 
above the starting jjoint, which will be on the opposite 
side, and to end with the one tAiicYi \a imiaftdiately 
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AKemkt* Imvm. i or diitithoni uiaoieoait. 

tbore the first, tbia last leaf will be fonnd 
to be the third to which the string is at- 
tacbed, taking the leaves in order horn the 
Dn« trom whuih the string started; it will 
ilu be fonnd that the string has passed 
Oompletelj roand the stem once, and that it 
hwdone so in a spiral direction (Fig. 34). 

All this may be indicated on a very simple 
plan. The number of times the string has 
pMsed round the stem is made the niune- 
ntor of a fraction, while the number of 
leaves passed on the way serreB as the de- 
notninMor of the same. In the case jast 
deeoribed the number of tarns ronnd the 
■tern wa* one, while the number of leaves 
paiaed was two, eo that the fraction will 
Im I ; and the arrangement is so designated. 
These fiactionB serve to indicate more, how- 
ever, than wonld at first sight appear. Thus, 
by addios (me to the denominator, the num- 
ber of ue leaf inunedistelj above the first ' 
or itartiqf Inf, can be ascertained. Thla 



r 
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in the instance jast given is 3, or the third leaf in the 
spiral, including the first. Again, the denominator (hoo) 
indicates the number of perpendicular rows of lea/ves 



Fig. 35. 




Alternate leaves (Bird Cherry). * arrangement. 

on the plant which, in the case given being two, each 
leaf will be distant from its neighbour J the cir- 
cumference of a circle (360°) or 180 . This horizontal 
distance is called the angular divebgence of leaves. 
Examples of the one-half arrangement of leaves occur in 
most grasses, and it is technicallj termed the DistichotLs, 
or two-ranked arrangement. 

The type that comes next in complexity is that in 

which there are three rows of leaves on the plant {Tristi' 

chous), an arrangement common in Monocotyledons, in 

which three is the typical number. Here, as the spiral, 

or cycle as it is sometimes called, goes round the stem but 

once, and passes three leaves on its way ytYi^traiCtion is ^ — 
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80 tbattbe fonrth leaf will be immediately above the first, 
and the angular divergence of each leaf will be ^ of 360° — 
*.«.f 120" — or the third part (ft a circle. 

If now these two fractions (^ and \) be 
taken, their two numerators be added to- 
gether, and the same done with their deno- 
Dunators, a new fraction J^^ will be the 

result. This fraction indicates the arrange- 
ment next in complexity to the i, and from 
each cjcle being made up of five leaves, 
arranged in five perpendicular rows, it is 
called the Quvnctmdal or Pentaetichous 
arrangement. In this case the string passes 
twice round the stem, so that the fraction can- 
not indicate the anf/ula/r divergence measured 
w terms of a circle, unless the 360° be 
doubled, but will indicate it in terms of the 

Spiral. This type is the most common in 
, icotyledons. By following the law already 
indicated, of adding together the numerators 
Bnd the denominators of the two last frac- 
tions, the fraction representing the cycle 
next in complexity may be obtained, so that dT^^^Si"?! 
the arrangement next in complexity to the amrngMoent. 
pentastichous will be indicated by the frac- 
tion J. The whole series of fractions will accordingly be — 

i i * * A /r H W- 

The more complex arrangements rarely occur, except in 
fif'Cones (Figs. 37 and 38). In these forms it is sometimes 
difficult to fmd out the principal spiral, and to do so, it is 
nsnally necessary to trace a number of smaller, or what are 
called eeconda/ry spirals. This process is with some difficulty 
nnderstood by the advanced student, while to the beginner 
it id useless, and will not therefore be described here. 

As a rule, the spirals run in the same direction both on 
the stem and branches, in which case they are said to be 
HOHODROMOUS. It Occasionally happens, however, that 
on the stems thev run from right to left, while on the 
branches l^ey go n-om left to right. Such leaf spirals are 
said to be heterodromous. 

Should the fraction which represents the BpiTaV \)^ ^mOq> 
as wiU not exactijr divide the SW, which oonatitM^A >2j*^ 

J)2 



Phyllotaxy. 
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circomference of the plant, the leaf which ahonld be im- 
mediately above the first, will be slightlj to the side of a 




tioa of Che Males. 



perpendicular line drawn through it, and bo on in each . 
BQCoeBUTe case. On this account, instead of there being 
a nnmber of perpendicular rows of leaTcs, from apex to 
base, the rows wiU be curved, hence the term cvbviskbial 
which is applied to them. Those which form straight 
lines are called kectisebial. 

As leaves originate at the nodes, their vertical distance 
from each other must depend upon the development of 
the intervening spaces, or ititemodeB. Should these in< 
temodeB be only developed to a small extent, as is the 
case in buds, the leaves mnet overlap each other. Snch 
leaves are said to be iubricated. Examples mav be seen 
in the StonecTop(Sediim). Where the axis is still shorter, 
and the leaves are arranged so as to resemble the flower 
uf a rose, the^ are said to be bosuiate, as in the House- 
leek. Such a disposition is very common in the first vear'e 
/laar^e in aachpuntsasthe carrot and tnmip. The i^vea 
of these plsnts are sometdmeB caillVed. roidiiwaltKrca. -tkeic 
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nnniHi to tbe roots, in coiLtroctiBtinctJon to tbe leaveB 
^^nlopad on the stem, called oauUru, and thoM produced 
<m the branches (ramol). In the branches of some treen, 
t^tt, a condition very cloaely allied to tbia roBalAt« ar- 
raiMtnent is seen, though tbe reg alar disposition is absent. 
□Qch leaTes are called fasoiculate, thoogh, by tbe develop- 
ment of tbe intervening intemodes, thej may become 
citemaie (ex. Larch). 

WhomiSD Typb. — By snoh a shortening of tbe axis, the 
ilteraate type gradnaUy changes to the other, or irborled 
^iW- As hat been already seen, there are two modificatdons 
o/fW— viz., Iha oppotile (Fig. 39) and whorled (Fig. 40), 




Opposite Imtm. 

eecordiug to the number of leaves on the same level. Even 
liere, however, the nniversal law of altemution prevails, for 

the one wborl alternates with that next it, so that were the 
whorls bronght to the same level, the leaves of tbe one wonld 
fit into the spaces between tbe leaves of the other imme- 
diately above or below it. This is called DeewMotion. It 
will probably be better nnderatood if the case of opposite 
leaves be taken, with one pair pointing north and south : 
if the pairs immediately above and below these be ex- 
amined, they will be found to point east and weat, wt.i.\% 
the tJiird atiove and the tbird below will be dlicecWl lui^Oa. 
aad foatb again. j 
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When two leases appear to rise at the same level, the 
phenomenon is due to the non-devebpment of the inter- 




VertioillatB or whorled Ibstb* (Hippurii Tulgaria). 

node which should separate the one from the other ; that 
is to say, one internode has remained undeveloped or ia 
suppressed. Where three leaves originate on a level with 
each other, two intemodes have remained undeveloped, 
and BO on ; the number of undeveloped intemodes being 
always one Jess than the number of leaves in the .whorl. 

That snob is really the case, may be shown by the exia- 
tence of all kinds of^arrangementa on one stem, as occurs 
in the Bhododendron Pontica, and by the tendency of 
some whorled leaved plants to become alternate by culti- 
vation. As a rule, however, it may be stated that the 
arrangement of the leaves is constant in the same plant, 
or even family of plants. Thus, alternate leaves prevail 
in the Boraginaeeie \ in the Labiataa they are opposite ; 
while in the Rnbiacte they are whorled. The disposition 
of the leaves is in some cases accompanied by correspond- 
ing peculiarities of the stem : thus the Boraginacece with 
alternate leaves have rounded stems, while the Labiatsa 
with opposite leaves have square stems. 

Pab,t3 of the Leaf. 

Saving now considered the leaf in its general relations, 
it reiaainB to consider it gpedolly. 
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Tho flpot whcro a loaf Ih joined to tho stom in called itii 
iNHKiiTfo.v, and the connexion in effected either by ti joint 
or ariiiMdafliin, or t)io leaf aprxsarH to be di/i'f.cH/y inftfitfad 
into the Mtem. When the leat in jointed, it brealcH off at 
tho joint when it falln; while in the canoH where tho joint 
in aoHont, tho leaf ^a<lually withorM down, leaving a 
ragged Mcar behind it. The mark left by the falling of 
the leaf in called tho cicatkix, or Hcar, and a swelling im- 
mediately below it in called the FUtiViNUH. 

A perfect leaf conniHtH of the followin£( partH : Int, the 
VAdiNA. or Mir BATH, that portion of the leaf which, at itn 
inifortion, Murroun<lM the Htem wholly or partially ; 2nd, 
the continuation of thiH Hheath known aM the I'KTIOLK, or 
F(x/rMTAf<K ; and 'Jrd, the flattened portion called the la- 
mina, or HLADE. To thoMo, in Mome caneM, are added what 
are called MTifU^KN. Of all partN of the leaf, the blade, 
which makoH itH appearance nrMt, in that moHt frequently 
prevent. Hhould tne development of a leaf be arrented 
after the bla<le hau been formed, but iKjfore the footMtalk 
hail made itn appearance, tho leaf will be nkamilk. When, 
on the other hand, a petiole \» proMont, the leaf Ih Maid to be 
FiCTioi/ATte. It occaMionally happeuH, from the doMt ruction 
of the blade, or itM partial development, that Mome <ither 
part muHt .Hupply itM place; thiM, in Momr* iuMtancoM, iM 
done by fattening of the petiole, in otherM by an increaMe<l 
development of the MtipuloM. 

PxTiOLtt AND Vagina.- -llie petiole in UMually rounded 
below, and flattene<l or hollow above, mo that itM trauM- 
▼erMO Moction Im either Momicircular or croMcentic. In the 
AMpen the petioloM are flattened laterally, whi(;h producx^M 
the fluttering of itM leavoM in tho Mlightent breath of wind. 
PetioloM are either dmyU or comjmundt according aM they 
Mupport one or more lamina). The Mhoathing porticm of 
the footntalk or vaoina, Im boMt Moen in MonocotylodonM. 
In the graMKOM it comtiletely HurroundM the Mtem, but itH 
adjacent MideM are not united, aM they are in the MedgoH 
(CariceM). 

PnrLW)i)»i.— When the bla<le of the loaf provoM abor- 
tive or fallM off, the petiole ma3r be mo modified aH to take 
iU place, in which condition it Im called a I'iiyi.i.()I)k. Such 
lear-like or^anM may be diMtinguiMhed from true leavcH by 
having their flat Murfacos lateral, and not horizontal, ho 
that their edges are vortical Thoir venation \h a\fto HirivVijUl 
evea ia Dicotylodom. In tho Acacia heterophy \\a \,V \^. ^V>i 
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every intenuediate form between peifect componad leavra 
and perfect Phyllodet may be Been. 




FhjUodM md eompouud leave* (Aoeia beteropliTlls). 

Again it may happen that branches may become flat- 
tened and leaf-fike (b^- 42), and fal£l all the fnnctione of 
leavea. In Bome instances the whole stem eeems to be 
endowed with the same properties as leaves, the leaves 
remaining in an undeveloped or imperfect state (Fig. 43). 

LAKIHi, OR BLABE.—At ita diBtal eitremity the petiole 
nsually ends in a broad plate flattened from above down- 
wards, which is called the L&mnA, ob blmie of the leaf. 
This presents a greater number of modifications than any 
other part of the leaf; and aa it is chiefly bj these va- 
riations that botanical species are distingnished, it is neces- 
sary to obtain some acqnaintance with them, althongh 
from the multitude of terms employed to distinguish very 
Blight differences, the subject is far from inviting. 

Ordinary Uades possess two suri^es, an npper and a 
lower, or anpenoi and inferior. T^ie pouA. ol "Aui V(»l 
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wkich is farthest from the stem, and which iu the oldest 
part of the leaf, is called the apeai; the part next the 




■Um is called the haia. and the edges joining these two the 
nargitu, OccMionallj^ the blade, instead of beinaflaX,, \% 
eyUndrUal. u in the oaion (Fig. 44) and ruah, ot prwrnaUr., 
V in Meaeinbrjaatbemam. 
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Green ani flealif stoma of Echmocactus spiralis at Tarioue etage*. 

Simple and Compound Leaves.— There are two grand 
types of leaves, the simple (Fig. 45) and the compound 
(Kg. 46). The distinction between the two ia founded on 
thenumber of laminsB.or the number of joints each leaf pos- 
sesses. There is usually a joint where the leaf is atta^ed 
to the stem; sbould any more joints occur, the leaf will be a 
COMPOUND one, whereas, if there be one only, or none at 
aU, the leaf is said to be simple. Another definition of a 
compound leaf is, that it is one whose petiole bears mora 
than one distmct blade. But a case may De easily imagined 
where all the lateral leaflets have faUen off, leavrng the t^ 
minal leaflet onlj. Such a leaf, though it had tint one 
leaflet, would certainly be componnd. A state somewhat 
analogous to this is seen in the orange tree, where the 
petiole is terminated by a single Uafiet (as the individual 
blades are called in compound leaves), but the lamina 

k being jointed to the petiole, the leaf is held to be a com- 
foaad oae. The eimple leai pasaea ^b&'ob^'j Wvi M» 
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componnd one li^r certain modificationx, to Ihi nieiitiotiuil 
bnt^ter. 

Vebatiok. — Tlw (wlxlivinionn fjf tho ]Htti(jlo, whon it 
raten the blade, mniititute the §kehli,n of the Ivuf, Tho 
luger branobes are called mMt, tho umalliT vrihk or 
luvM. The plan oa which tbcne branchoH arc arruw^^wV 
if itrmed the vmhatiok of the leaf. 



oirruiiBS OF elehentart botamt. 

Fis. 46. 




Simple iMTca oC rariooa 



When the petiole appears to be continued into the hi 
that part of it in the blade is called the hisbib. So 
times the midrib gn.ves off BubdiviaioiiB from its sides 
the veins of a feather {Fig. 49). Leaves having aocb 
arrangement of veins are termed fehkui'EBVeii. 




Compoand leaves — puipiimite (,B«Dn&tB'^kufi:^. 




Aalbd-rtaned Imtm (Itu}. 



46 OCTLDTES or ELEUEKTART BOTANY. 




Palmi-nerTed leaTM ot lAqiudmi^iu itjnra&sc. 
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Aipiin, whon the jiotiolo enterH tlin liliulu, it niii^ Ih' cut 
ii|i intii Kuvunil UiviHiiiBH, iiiiiiu iif wliiuli cuu he huh) Id In- 
itn cuntiti tuition, uml tliuHU jiriniury iliviMioiiH iif l)ii- 
Pttinlu may ]uuiH iitriuf{lit on fruiii tlio Ihlhii tu thu itpL'X iil' 
w blado, jjniduciiiK utttUijht or ytirtiUd-vauwiX IcitviM 
(Fig, 4y), Whoii thtiMe vtiuti uru Nliuhtly uiirviil tlii'y k'^" 
MS to euruMwiruiMi leiivOH. Wlum tlio vi'iim nuliiitii in ull 
diiwtionH frnin tho junction of l)1ailu with thu {wtiulu uit 
'roni A common ountru, audi li'uvoa uro ttimiud paluii- 
tned leavuH (Kik. Mt). 

, TIm khaije or outline of IcavoH in of greiA conKi!i|iii<nM 
in tin dL-tcrniinutiiin of hiwhii'h. ThoMu vuriouB >lui|irH 
"ill ba bMt undurHtooU \,y rvtcrcuw to tho uuL-oiniiiuiyiiiK 

Fin, Bl, 




/ 



Tlie mode in which tho tMondury divitiionH of Dm vi'Ijih 
inamuftBd comai to bit of {{>'oot inipartiini:ii in nynte- 
■utic BotAny. In MonocotyludonH, iha Hniullor viiiiih 
citiM Mch othtir at rii{ht iui^Iuh, and thu liirui^r iif 
■bwgbt and parnllul ; huucu Uiuir vunutioD in Huid ti> )h- 
KuiaiiT or FAUtu.KL In Dicotyludonit, tliu Hniiillirr 
^TiiioQi erOHM each other ut any ari|;lo, uud thu lrir[{i!r 
diiuioDi hsv« not a vury iitraitrut ouritii, no t)mt limy 
fitnii ft nther irniKulitr network imttjini, ImKt mil-h i.n 
111* lower prarfao'K of tho li-itvcii. On tliin nocoimt tln' 
Inteii c4 Dicotylt'diinii aru uiid to huvu u kki'icumik or 
■'imu veiMtiau. A«mii.ll Kronp of MoniicotyluitdiiH )iuvci 
iHnewlwt eimilar kind uf variation, aud uru Wnuui 

DiCTIOO»* 
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In most coses, tbe midrib divides the leaf into twc 
and symmetrical parts, but occasionallj one side is 
titan the other, wnen the leaf is said to be oblique. 




a, Coidate ; b. Lanceolate ; e, Benifbrm ; d, Subulate ; t, ( 
rio. 68. 




a, Bpatiiukte ; b, ObknceoUte ; s, Oborate ; d, Oboorda 

It sometimes happens, in sessile leaves, that the 
portions of the blade are jiroloneed backwards like 
of ears, when the leaf is said to be aariculate whe 
bat amplexitaul, when the ears adhere to the ste 
besides adbeiiag to the Bt«m each eai stovb to it fo 
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digtance downwards, the leaf is said to be decurrent, and 
the stem is said to be wlnaed {(date). Should, a^in, the 
two ears pass far enough backwards to unite on the other 
side of the stem, the leaf is said to be perfoliate ; while if 
two leaves should happen to be opposite, and their bases 
Wme united, they are said to be connate. In petiolato 
Wes again, should the ears be so far prolonged back- 
wards au to unite, they will give rise to the form of leaf 
termed 2)eZ/af 6, where the stalk appears to be attached to 
tlie centre of the blade like the handle to an umbrella. 
In these cases the leaves are usually orbicular or circular^ 
ft&d are much the same as perfoliate, if in this last case 

Fig. 64. 




a, Hastate ; h, Sagittate. 

^ stem be supposed to terminate in, and not pass 
'Immgh the leaf. 

. Apex. — The apex of the leaf may either be prolonged 
into a sharp point, when it is said to be acutet or if pro- 
loi^ to a greater extent, acuminate. When the point is 
Btfllsharper and harder, it is said to be cuspidate. Finally, 
J'Hen a snort, sharp point springs from a blunt-ended leaf, 
it is described as mticronate. On the contrary, the leaf 
nwy end in a blunt point, when it is said to be obtuse ; or 
there may be a slight hollow, when the apex is said to be 
fmwrgvaate, and when this hollow is large and shallow, it 
l>Wme8 retuse. 

HABODf . — With regard to the margin, it may \ie cuivve 
(Pig.66> when there is no indentation whatever ; it \a \,enivei^ 

E 
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erenate (Fig. 57) when there are Blight rounded proj'ectio 
When the prujectiona are sharp, and at i-ight angles to 
leaf it is deacribed as dentate (Fig. !i8) ; gervate when 




aharp points are directed to the apex of the leaf; when th 
points are turned towards the haae the margin, is deacrj 
as retro-eerrale. When the rounded projections of 
crenate form hBcom every large, the leaf is said to be KEPi 




Entire leaf Crenate leaf. Dentaja leaf, 

eaiargiante. 

Frequently the indeutationa are deeper than any 
thofie yet mentioned, dividing the leaf into two or a 
distinct lobes, when tbe leaf ib caifted bilobed, Vi-Uobed, 
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Awarding to the number of its seKineiita. When these 
dninotu get too nnoieroiiB to be so diatiuguisbecl, another 
Domenclatnre is adopted, founded npon the nervation of 
tfaelsaC. 

In B teather-veined (Pennmerued) loaf (Fig- 48) the in- 
imohb will correspond with the epaoea between the veins, 
and mtut therefore hare a similar arrangement. If they 



Fib. 59. 



Fio. 60. 




FimutiRd Iraf. Fjniutiwct le«f. 

be not therefore very deep, the leaf will be called Pinna- 
iau> (Fig. 59); if thej penetrate to a greater extent, 
PlHNATiSECT (Pig. 60); and if they almoat reach tho 
midrib, the leaf will become PmifATiPiHiiTE l,^ig. ftV^, K 
rimilar Mraion holds good with Palmate I^u^qq-, Vvl., 
Ato PAiMinD (Fig. 62), Palmisbct (Fig. 63V »»i "BkiAV 
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FAKTiTB (Fig. 64). A modification of tUe Palmate type, 
where there is a greater number of ribs than usual, the 
lower of which turn backwards towards the petiole, is called 
a Fedate (Fij;. f)3) leaf, and of this there are the eaine 
divisionB, Shonld the Bttbdivisions be cut np like the ori- 




{Cheudouiujii). Pdmiieot and Ped>t« leaf. 

ginol leaf, the term bi is prefixed, as bijid, bisected, &e., and 
u this process be repeated, the t^rm tri is need, as in frijid, 
Jtc. ; when cat np to a ^eater extent, the leaf is said to 
be BiBsxcTBB, Aa la seen m aubni«rgedWies V'^-^V 
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CoupouND Leaves. — It has been seen that if the in- 
ciaioDS in tlie blade neajrlj reach the midrib, the leaf ia 
said to be pahted (paktite) ; should they reach tbe midrib, 
a, compound leaf, according tooaeof the definitions alrectdjr 
given, will be pi'odnced. This will, therefore, be a. con- 
venient place for the description of Compound Leaves. 

With regard to the individual parta of a. compound leaf 
{leafi^ts of pouou), whether sesaile on I' 

Yia. m. 




Decompoand leaf of Acsda frBndifloni. Piunftte t;pe. 



petiole or rachis, or supported upon eecondcmi petiole* 
{peiiolules), eiactly the sajne terms are used for their 
descriptiou, as to snape, apex, margins, &c., as in the cose 
of simple leaves. 

Compound leaves are divided into two groups according 
to the two great tvpea of venation, the Pinnate and the 
I'almale. It aanaMj happens among &e ■piimaSe forms 
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that the leaflets are arraa^d in pairs, and theso pairn art) 
called JL'GA, BO that a coinprnind leaf with oiii: iiuir ot 
leaflets would be called a uniju^jtife lent. When tliere is 
no leaflet terminating the rachis, ho that the namber of 
leaflets on its sides is even, the lenf is said to ho jmrl- 
pinnate (Fi(r. 46) ; if a terminal leaflet be present, inijinri- 
pinnate. When the pairs are ftltematBly large and sinnll, 
the leaf is said to be intm-mpt'tdbj piunilc, and when the 
rachjs gives off not single leaves out branches, which in 




Compouod lenf of none Chottnut. Palmate typo. 

The leaflets in the other type of compound leaf, called 
the Faluatb or Dioitatk form, produce temaic, 'luinatc, 
ic, forms aecording to their numbers. 

As to their consistence, leaves are mcmliranoiis, flimhij, 
Uathery, &e , terms which require no explanation. 

As to daratjon, the^ are dbcidu{]um if they fall in 
Hitnmn, or pehsibtent if they last over winter, as they do 
in evei^freens. 

As to surface, leaves may ho nmooth (f/lahroui), hairy 
(piloM or hirtnte), or furnished with stiff hairs {higmd), 
Tongk Ueabroiu), hriatly {aefo^e), viicaug, when they have 
glaodoW hairs, icalij, acurfy, Ac. 
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Stipules. 

On either side of that point where the leaf joins the 
stem, small membranous expansions are often seen, the 
presence or absence of which affords valuable characters 
for distinguishing plants. These organs are called 
STIPULES, and leaves possessing them are said to be 
8TIPULA.TE, and when they are wanting, exstipulate. As 
to the nature of these organs, various opinions are enter- 
tained, some looking upon them as partiaUy developed 
leaves, others, with greater probability, holding that they 
are portions of the leaf sheath (vagina), developed in a 

^ Fig. 68. 




Free lateral stipules (Tulip tree). 

peculiar manner. They vary greatly in size and dura- 
tion. Sometimes they are absent as in Monocotyledons, 
or, again, they may be very large, performing the function of 
the true leaf, as in Lathyrus Aphaca (Fig. 79) . Occasionally 
they ffdl off when the bud opens, as in the Beech, while 
in other cases they remain as long as the leaf exists. 

The normal condition of stipules is that of two free 

lateral expansions (Fig. 68) at the base of the leaf, as is 

seen in the Willow, in which condition they are called free 

or CAUUNARY stipulcs. In some p\a"n\a, «ia \.Vife "Rjo^e, they 



HOBPBOLOai — TBX LKAP. 
Fio. 09. 




(Fig. 69). 



dnite or p«tioUi itipulci (Trifoliuin prateDM). 
the petiole, when tbej are aaid to be adnatb 
rio. TO, 




OF ELGHENTABT BOTAHT. 



When stipulee unite the one with the other 
saidtohecoxKiTB (Fig, 72), of whichtbereare thi 
fications. Sometimee the two stipules unite, 
form a single organ in the axil of the leaf, and 




between the leaf and the stem, when thej are bi 
AxiLLiKi (Pig. 70) or iKTaiTOLiACBOus, Should 
joined stipules be large enough to surround tl 
stem, the sheath is called an ochrea, examples 




Ornilbopia scorpioides, showinj ■ (niall xalj bilobed org* 
^ the leaf. Thia is compoeed ol ft>e Wo coMn^ Uvji 
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iio be seen in the Ehubarb and other Polvgonaceas 
.71). _ ^ 

Ifain, instead of uniting between the leaf and the stem, 
may nnite on the opposite side of the stem (tntela- 
3LAR stipules) (Fig. 72), and thus, if large enough to 
nble a leaf, may simulate the opposite arrangement 
Javes, where they are really alternate. When there 
MO leaves on the same level, their stipules may unite 
9 of the one with the stipules of the other, and thus 
simulate whorled leaves. Such stipules are said to 
i^TEBFETiOLAR (Fig. 74). In Grasses, a small mem- 

Fio. 74. 
Fio. 73. 





^ula (Milium multi- loterpetiolar Rtipules of 

florum). the Hop. 

ous organ called a ligule (Fig. 73), occurs in the axil 

bch leaf, and is supposed to be constituted by axillary 

lies. 

hen in compound leaves small stipules occur at the 

of the secondaiy leaflets, they are called stipels. 

metamorphoses of stipules will be described with 
e of leaves, to which attention will next be directed. 

Metamorphoeee of the Leaf and its Parts. 

has already been mentioned, that in some cases the 
na or blade of the leaf falls off, or is never developed 
a some other organ assumes its functions, ft\)Hi\i ^w. 
n bein^ called a fhyllode. ^ 
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FiTCUEiu.— One of the gtrangeiit metatnorphosei which 
!*'« muletKO is into PitoherB, of wtich there are variouB 
wU. ThnniQtheNepentheB.ortmopitcher plant (Fig. 7&), 
WMrt of the petiole next the stem is flattened and leaf- 
Hb,bejond which it contracts and formH a «oi<t of tendril, 
"rtigain eKpandu bo ai to form the pitcher, which is Hur- 
nwuntad by a small lid, joined to the pitcher bv a. hiniro 
~tliii lid is the tme blade of the leaf In the i 




fHAm (Sarnuenia). 



Pll«hen {SarTueaia). 



'giin, the pitcher ia formed from the blatlo, not from the 
P^le, for tbere ie no joint between the lid and the 
mUr (Figi. 76 and if). Several other plantH Lave 
pitdbera more or leas allied to thoHo in Hhapu and ntcufi- 
'<». In Bome caM* the petiole is inflated ao tw to sct^o 
-ticmt to the plant (ex. Trapa). 
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Tendrils. — Tbere ia no modification of the leaf m 
common than the te^idril, a. thread-like process, by wh 
climbm^ plants attach themselvea to smroanding obj«i 
In the LathyruB, where the leaf ia compound, some of ' 
leaflets areoft«n converted into tendrils (Fig. 78), while' 
stipules or other parts perform the fan ctions of the leavea. 




Lathyms Aphaca (Fig, 79) all the leaflets are thna 
verted into tendrils, while in the common Pea se^ 
tmdei^ a similar metamorphoBia. 

The tendrils of the Gloriosa snperba are prolongat 
of the midrib. 
In the Cncurbitace», the solitary tendril is probal 
modiSed condition of two coWtent «.iii«t3 tti^^ 
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h.e atipnles of the Sareajfflrilla plant i — 

into a, pair of tendrila. In the Vine,_a8_ already 



I ont, the tendrils 



itamorphosed flowering 




RSS. — Many planta are armed with thorns formed 
some portion of the leaf modified. Thna in the 
the extremities of the veins are hardened, and 
of the thorns ofthePnrze(UIex) are really hardened 
Tte thorns of the Barberry (BerberiBJ may 
\Aj be referred to the same pftrt. In the Astra- 
agatn,the blade falls early, and the petiole becomes 
&nd thorny, while in the Bobinia paendacacia, the 
I are traustbrmed stipules. In the Gooseberry the 
iteral thorns are also modified stipules, the third 
either a projection from the pulvinns, or a modified 



OFFICINAL LEASES. 

jDi— fresh leave* nmi flowering 
M of Acauilum Sapellua, act. 

m. iaaiitia Sedative, &c. 

-leiTss of Saroama Betulina, B. 

■•UmU anrf ffi wrnKjftJjB Diuretic, &C. 
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C Alexandrina— leaf of Cassia Ian- "^ 

Senna < ceolata and C. obovata > Smart Purgative. 

(Indica — ^leaf of Cassia elongataj 

Lauro-cerasus — ^leaves of Prunus Lauro- 

cerasus (yield Prussic Acid) Sedative. 

Conium — fresh leaves and branches of 

Conium maculatum, act. prin. Conia Sedative. 

Uva Ursi — ^leaf of Arctostaphjlos Uva 

IJrsi Astringent and Diuretic. 

Belladonna — ^recent and dried leaf of 
Atropa Belladonna, act. prin. Atro- 
pia Sedative and Anodyne. 

Folia Stramonii — dried leaves of Datura 

Stramonium, act. prin. Daturia ... Antispasmodic. 

Hyoscyamus — ^fresh and dried leaves 
and young branches of Hyoscyamus 
niger, act. prin. Hyoscyamia Sedative and Anodyne. 

Tabacum — dried leaf of Nicotiana Taba- 

cum, act. prin. Nicotina Sedative. 

Digitalis — dried leaf of Digitalis pur- 
purea, (act. prin. Digituinum offi- 
cinale) Sedative, Diuretic, &c. 

Matico — leaf of Artanthe elongata Astringent & Hemostatic 

Melaleuca minor — leaves yield Cajeput Oil. 

Aloe vulgaris — leaves yield Aloes. 

Uncaria Grambir — leaves yield pale Catechu. 



NON- OFFICINAL, USED IN MEDICINE. 

Buta — ^leaf of Buta graveolens Stimulant &Antispa8modic« 

U.S. (Bhus Toxicodendron — ^leaves of 

Shus Toxicodendron LocalIrritant,usedinpal8y). 



\ 



H A P T E R IV. 
MORPHOLOGY. 



VEENATIOK, 



Bods are divided into leaf-hida and Anwer-badg. The 
former are devoted to the prodaotion 01" the vcgeUitive, the 
letter of the reproductive orgoiiB. Both kinds are com- 
posed of mdimeatary leaves, Dnt there are certain modeR 



!^ 



ConduplicBle VeniBlii 

e case, and not ii 



of BTraDging these found in the o 
othM. 
When a hnd haa to la«t over winter (a retting bud), it 
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is usually protected by acales, termed bud-gcales, or tbg- 
UEsTi. These may be modifications of the blade of the 

Fio. 85. 



u 

CirciDBte Vernation. 

leaf— I.e., foliaceoui, as in the Pine family ; or Ihey may 
be petiolar, as in the Horse-chestnut, or Hipidwr, as in 
the Uak. Besides scales, bnds have sometimes other 




Cfrriaate Teraatum, 
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protectmg organs, as hura in the Willow. The buds of 
the Poplar secrete a reBinoue substance when about to 
enlarge. Buds which want such Bcales or other coveringH 
ore said to be naked. 




CoDToluto Temation. 

The arrangement of Reaves in a leaf-bnd is called 
Vernation or fEEFOLUtioN ; in a flower-bnd, ^Estivatiox 
or FiuiFLORATioN. Bj these terms, however, two distinct 




to Bay.t'b.Q iao&» is 



r BLEUEKTAHT BOTAHT. 

which they are folded ; and 2iid, ike arranffeTocal 
teavei with regard to each ofer. 

Fio. 9a 




Bud> showing Involute Ven 



Le4? Folding.— In conaidering the arraDgt 
leaves with regard to themselves, it will be toi 



BeTolute Vernation 



there are two typical modes of leaf folding, of wl 
others are simple rao^UficcktiotiB. The one mij 
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'*'™d the Vbetical, the other tie Horizontal type. In 
t^ T«rtical type when the leaf ia ao folded that the apei 




K applieil to the base, the mode of leaf folding is called 
BscusiTs (Fig. 81), as in the Tnlip-tree (Fig. m). When 
tte two edges of the leaf are brought in contact the leaf 




bnng folded with the midrib ae a centre, &a m t\i& Q^,\li^ 
^e of foldixig is termed CosDUPurATK (.Yige.^aai^^ 
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When iiiHt«ad of being Bimply fr>lded, the leaf is rolled 
up according to the vertical type, that is, beginning with 
the apex and rolling up to the Daae, the vernation la said 
to be CmciNATE (Fig. H5) as im Jeme (Fig. 86). If the 
rolling is according to the lateral tjpe, that ia, beginning 




at <jne side and going on to the other, it is called Con- 
volute (Pig. 87), aa is seen in the Cherry (Fig, 88). 

Sometimea, instead of being rolled from side to Btde, 
the rolling may he commenced at both sidei* siiniil- 




Young leavea abowiog Plicat« Vi 



taneonsly, proceeding towards the midrib. If the leaf be 
then rolled forwards, that is, towards its face, the ar- 
ran^'ement ia called Involute (Fig. 89), and is seen in the 
buds of the Water Lily and Poplar. If the rolling be 
dirsoted towards the back of ttie\e»,^, aa Ta»,-^\« wsmW 
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Lavender, &a., it ia Raid to be Kevolute {Fij^. !I2), A 
mixliGcatioii of the coiidiiplicat«, also belonKioj^ to the 
folded group, ia called Plicate (Pig. 95). Here, besiilcH 




the Bingle fold, there ia a Bort of plaiting of tbu lat«nil 
halves of the leaf; eiampleii of it occnr in the Vine, 
Currant, Ac. (Fig. 96). 

Fio. ea. 




Imbricito Vernation. 

Lba» Grodpino.— As to the plan on w\\\c\i \eate6 m» 
inaaged with regard to each other, it w'lW te ioiMisi. tioi 
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this will vary according to the phyllotaxy of the species. 
If the leaves be arranged quincnncially (according to the 
f arrangement) the vernation wiU probably be Ibibmcatb 
(Fig. 97), in which case the leaves overlap each other in a 
peculiar mapner, three being partly within, partlv without, 
one entirely within, and one entirely without the others. 
If, again, the leaves be whorled, the Va lvate arrangement 

Fio. 09. Fig. 100. 





Valvate Vernation. Induplicate Vernation. 

(Fig. 99) will most probably be encountered : in this case 
the leaves merely touch each other by their edges, and do 
not overlap at all ; if, however, this be excessive, then the 
adjacent edges of the touching leaves may be directed in- 
wards, and the arrangement known as the Induplicate 
(Fig. 100) will result. 
When leaves are opposite, or alternate, but arranged in 

Fig. 101. Fig. 102. 





Equitant Vernation. Half-equitant Vernation. 

two rows (distichous) one of two kinds of vernation will 
nsually be found. Either, the leaves being conduplicate, 
the one will embrace both edges of its opposite neighbour, 
when the vernation is called Equitant (Fig. 101), or only 
one edf^e, when it is called Half Equitant (Fig. 102). The 
term Obvolvte is also applied to t\ie \aat -^^nxiety, but, 
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impljiiig aa it does tlie idea of rollinf;;, slioDld not be Dsed, 
being likely to confaae the student. 
The student, by a piece of paper out in the shape of a 




Half-tqnitant Temation. 



e eatiafactory 
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CHAPTER V. 



MORPHOLOGY. 



INFLORESCENCE. 

Buds are of two kinds — the one set devoted to t 
repetition of the individual, and termed Leaf-buds^ t 
other intended to reproduce the species, and call' 
Flower-huds. The flower-bud either terminates the as 
(terminal hitd) or originates in the axil of a leaf (oajiWa 
hid). This leaf is frequently modified as to shape ai 
colour and is called a Bract. By the development of t 

Fig. 104. 




I 



Scape of Pinguicula. 

flower-bud it gives rise to one or more flowers, varioui 
arranged on the flowering axis. These flowers constiti 
the Inflorescence of the plant, which, according 
the position of the flower-bud, is either Terminal 
Axillary. 
In most cases the flower is supported on an axis, cal 

the FlOWER-ST /iLK or PED\3SCIiT£>, ViU^. NN\vfcTl 'OKVa ^VT^a 
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KCOndATj branches it is called a B&ciiis, and the 
brucbes a.K denominated Pedicels, while the leaven 
»t tlie baaea ot theiie are called Bbacteoles or BuAtTLETM. 




MeASonu A«ift^ ibowing the transition ot \e«.TMi \nltt \iTiM-Vt.. 



■ ELEMESTABY BOTANY. 



Many plants -which have their atems Tinderground, i 
up nabed stalks crowned with oae flower, as in 




Leaf, spsdii, and spathe of Aram 
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Bbacth. 

Soraetimen bractH cannot be dintinipiiHhrd from trni' 
1tt>N, except by havinjf floim-budH in their axil^. ThiN 
iiujibeiieen in the FoxkIovu (DiKitalin). In oilier caHOH 
Uwj are modified, a» to ihape, an in the UL-llukire 
(Fid. 1%), or, a* to cilour, on in thu baffe. In the 
HuiUrd family {Cmciftiruj) thoy ani oftun wmitinK- 

OccMionally bracbi aru no mcKlifiwl aH to Ixj taken for 
tli« flower itHolf. Thin is Bran in tJiu Trumpet I^ily 
(Hicliurdia), where a tar((o otjlonred bract, called a 
8»Tirz, eneloiiee the inflorcuence. The iame arrongn- 
wnt Dccnri in the Arum (Fig. 100), bat the iipathe in thiH 
(Meiiinnoeloured. 

In ume of tho Hemlock family (Umbellifem)) a whorl 

Fio. 107. 




InTgliicw or wLorl of bnoU in Aatjtntii. 



"I, brMto ocean at tho point whore tho iwjduncloH 
■^oate ; thii is termed an Ihvoi.uchk (Fi^^. Iu7). while 
tte lecondary whorU, oocnrrinjr at tlie pitintn whore thoHo 
Ptdnnclei branch, are called Invoi.ui^klh. In plants oF 
w UaiHy family (OompotittD, Fiff. 1U8) niioli wliorU uIno 
^r, and in tmiir caHu tho individual bruetN arc uaJlud 
"ITLUKIEII. At the baie of ouch of tlio Hniull HowtTH 
(jutitnting a daisy, little brocta catlml I'alk.k occur. 
Tbe cup in which the acorn of tho Oak ii Hituatcd, aiJ<) 
'liicli II called a Cufiji.k, is madu up of bracts. liracts 
•Iw oonstitote the outer whorl in thu fluwon u( ^hwm, 
in which case the/ are termfld Ulvuim (Fig.lOlty iiiwtno 
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inatancCB, as in aome of the Eose tribe, th^y fori 
external to the outer covering of the nower 




VerliesI »eetion of a compound flower— Cspitulum (A 
diflora) — showine strap-shaped and tubular floteta wilh ; 
Khole Burrounded b; PbjUaries. 

called an EpiCiLix. In the Strawberry, ho? 
epicalyx ia composed of conjoined intcrpetiolar i 
the adjacent sepala. 




Inflore. 

Each Qower terminateB an aiis, priniary or a 
wboae derelopmeDt w tttreated \i^ 'Can eiiAutio 
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■bud. If, therefore, the primary axis be terminated 
flower-bud, the elongation of that axin must Ini 

ed aa booh as the bud becomes a (lower. If, on th« 
hand, the bud at the extremity of the axis be a 

ti, that axis may lengthen to ua indefinite extent. 




Solitarj Termutil Flowen. 

ling to the nature of the terminal bud, therefore, 
•eencea are divided into Definite and iNDEriKiTK— 
i whpn the axit endi ia a flmeer-ltnl ; ■indtfiniie 
I is tipped hy a leaf-hud. 
n the primary axis ends in a leaf-bud, the ftoiieT- 
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buds are produced in the axils of the bracts, an 
lowest being first formed will of course be the oldes 
the apex of such a plant be looked upon as its centr 
fiowers in all indefinite inflorescences will be devc 
from the circumference towards the centre, in 
words, they will be Centripetal. Again, in the ci 
the Definite Tnflorescence, the terminal bud is ev 
before all others, which when they originate at all. 

Fig. 111. 




Solitary Axillary Flowers. 

in the axils of bracts, below the terminal bud, ar 
therefore developed from the centre, towards the ci 
ference, or in a Centrifugal manner. In using 
terms, therefore, Centripetal corresponds witl 
DEPiNiTB, and Centrifugal with Definite. 
The terms centripetal and centrifugal will be 
easily understood by referring to svxg^i «u ftattene 
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I i« «eeti in the Daisj : if the fiowem in thi^ 
rat developed, and those towards the oir- 
afterwiurdi, the inSoreaceuce nlll be cen- 
it if the flowers at the circumference be 
jfore thoM at the centre, the infloreaoenct' 

; Inflobxscencbs.— Ax the typical condition 
« have a stalk, so is it with the flower. It 
re, be most convenient, in contidering the 

Fie. 112. 




Bicama (Cuiranl). 

la of inflorescence, to consider, iirst of all, 
flowers have titalka rather than otherwise. 
ig the primary axis, or along secondary axes, 
ers originating in the axils of bracto take 
hilst the stalks are nearly of an equal length, 
of infloreecence is called a BAC;Eiiis(Fig. 112). 
typical form of the iudeSnite inflorescnnce, 
eiemplified in the Currant, 'When, l-n^^ieo,^ 
' gingle dowers, the raohia gives oK bTtttir.he* 



82 



r ELEHBNTABY BOTANY. 



Bnpportdng several flowers, the raceme becomea a 
CLE, OB in the Oak. More abortly, the Panicle m^ 
defined aa a compound raceme. A slight modificati 
this, where the branches are short and thick, bn' 
fioiently elongated at the lower part to give the wl 
pjramidal figure, occurs id the Horae-cheBtnnt, a 
called a Thtbsos. 

If, again, the lower pedicels of the raceme be so 
elongated as to bring all the flowers to about the 
level, a corymb (Pig. US) is prodnoed. A very goi 




Corjmb (Compound), 

ample of the corymb ia afforded by cauliflower in thi 
in which it is eaten; but in this, as in many other 
the corymb on farther development becomes a Bt 
as in the same plant when allowed to run to seed. 
If now it be snppoeed that the inl«modes 
separate the individual pedicels are suppressed, bri 
the origins of all the flower-stalks to the same level 
which 3iey radiate like the rays of an umbrella, thi 
becomes an umbel (Fig. 114). 
Sametimea it happens that the peduncles thus 
^iKtiD^'SgsinbranchiiitbeBai'aiema'aMei,^ '" 



mittiftse 
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umbels are called Umbellules (Fig. 114). Examples of 
this form occur in plants belonging to the hemlock order 
(Umbellifer»). 

There are certain kinds of indefinite inflorescences 
where the flowers are sessile (without stalks) instead of 
^ixan^ peckmculate (stalked). Thus, if the Baceme had no 
flower-stalks, it would become a spike (Fig. 115), as is seen 
in the Common Plantain, so that the spike mi^ht be de- 
fined as a raceme with sessile flowers. When the axis is 
tbick, fleshy, and surrounded by a spathe, the spike be- 
comes a 8PADIX (Fig. 116), as in the Arum family. When 
it is composed of unisexual flowers, and falls early 
(caducous), it is caUed an Amentum, or Catkin (Fig. 117), 

Fia. 114. 




Umbel (Compound). 

J8 in the Willow. Two other modifications of the spike 
known as the Cone (Fig. 118) and the Strobile, the former 
occurring in Pines, the latter in the Hop, differ from each 
other in having the scales or bracts woody in the cone and 
^^nibrcmaceous in the strobile. The flowers situated in 
tiie axils of these bracts are female in both cases. That 
^nnof spike which occurs among grasses is sometimes 
distinguished as a Locusta. 

II me axis of the spike be supposed to be developed 
horizontally instead of vertically, so as to represent a move 
or less flattened plane^ instead of an eloiigale^ t^(^\^, 
^BpSke win become a capitulum, or head (¥ig.\\^Y^.^ 

G 2 
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ix seen in the Dfiiey and other Composite. The flore 
are Hometimes all of the same tind, as in tiie Daadelioi 
Bometimeg of two kinds, as in the Daisy ; in the latt 
case, those at the centre are called /orets of the disc, tho 
at the circumference /o«(g of the ray (Pig. 119]. 



Fte, 116. 



Tio. 117. 




Spike (Compoiuid). 



Cone (PinuB sjlTeetrii). 
n to tlie epHce th 



The oopitidum heart the same relatior 
tie umbel does to the raceme or corymb. 

De?q»ite iNPrjDHESCENCB. — Where the terminal bnd 
a flower-bud, it ia developed before any other on the san 
axis. This is the grand characteristic of the Definite I 

a genereltftriUiU^^liedtaaliiio 



TbeCjKs(Fig. 1 
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'"Ham. The cyme maj rimnlata afmoBt uiy of the ii 
Fia. lie. 




OqriUiliun, ahowmg floreti of tike nj uti Rareti of tba due. 



definite fomia, more eBpecially the Raceme, Panicle, and 
^pib. In the Doratenia the axis tonxM a hroadalkip- 
™ itote iiutead of a dosed cavity. To thia— a^ort 
ofdelinite Oapitnlam— a epeoial term ia applied, viz.. 





InfloreueBce of Dor- CoaDsuthium (Fig). 

MeoU cantnyerra. 

ununuiuv (Pw. 120). An example of it aVso or«Ti-w,m 
• Jigs wA«m the BeOijpMt is tne rece]^tacVe, oai 'Ct* 
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small seeds are each the product of a distinct floret. A c^ 
of nearly sessile flowers, such as occurs in the Sweet 1 
liam, is called a Fascicle ; if still more condensed, 
flowers constitute a Glomeeulus, If these last be sc 



Fie. 122. 




False diclMtomy of Alchemilla (compare Fig. 22). 

ranged, in the axils of opposite leaves, as to rese 

whorls, they constitute Yekticillastebs, or False Wh 

Cymes are of two kinds, the Unipabous cyme and 

BiFABOUS CYME. By the gTOwt\i oi \)aa^ c^tevs^ «j[ 
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pearance of dichotomy may be given to the stem when 
there is no such arrangement (Fig. 122). 

When the secondary buds which appear below the ter- 
minal bud are developed on one side of tne axis only, a Uki- 
PAROUS CYME is produced (Fig. 123). Jt sometimeshappens 
that an axis which should end in a flOwer-bud appears to be 
prolonged beyond it, and to have the flower-bud developed 
on its side. This effect is produced by a bud being de- 
veloped in the axil of a bract a little below the terminal 



Fio. 123. 




Uniparous Helicoid Cyme (Alftromeria versicolor). 

Dud, and the new axis thus developed appearing to con- 
tinue the axis, not to spring from its side. As the buds 
vhich continue the axis (for the same process may be re- 
peated again and again), must arise between the flower 
^}^ the bract, the flowers appear to be arranged on one 
^e of the false axis and the leaves on the otner. This 
'^ngement is seen in the Hyoscyamus (Fig. 125). In 
many instances, however, the new axis iorms a ^'aIyqrX* 
%)<9 with the old one, which, when frequently te^aW 
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Flo. 124. 




Umparoas Seorpioid Cyme tHyo«,uttv.«V 
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makes the inflorescence assnme a circinate appearance 
(1^%. 123).' This last variety is called in England either 
a ScoRpioiD or Hblicoid cyme, but some French authors 
restrict the term Scorpioid to such inflorescences as have 
been described in the Hyoscyamus. 

In a BiPABOUS cyme (Fig. 126), the new axes are pro- 
duced on both sides, as in many of the (yhickweed family 
(CaryophyllaceaB). Such inflorescences may come to 
simidate one or other of the indefinite forms. 

The inflorescence of a plant is not always of the simple 

Fio. 126. 




Biparous Cjme (Alsine). 

^^ just described : thus spikes may be compound (Fig. 
*I5), racemes may give off other racemes, and so on. 

It also occasionally happens that the inflorescences are 
j;t«ed(Fig. 127) ; thus in the CompositaB, the florets in the 
j'^l^itula are developed centripetally, while the capitula are 
r^niselves developed on the axis in a cew/7'i/t*7ai manner, 
*•«.. from below upwards. In the Labiatae again , the glome- 
JjJ^ or clusters of flowers, are definite, while the axis of 
^ plant is indefinite, that is, terminated by a leat-bwd. 

Ahomalous lyFLOBEscENCEs.— There are certam ioxm^ 
^ mior&scence, which cannot readily be aasigued to «?tt.^ 
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of the prec«diDg tjpeB. Thus in the Lime-tree (TDu 
(Pig. 128), and in the Butoher'a Broom (BnBcna) [Kg. 130, 
the flowers appear to rise from the centre of the blade o 
a leaf, inatead of in its axil, bnt the cause of this is wide! 
difTerent in the two cases. In the Lime, the pedmicf 




Uiied infloieBcence : Umbel of BipaiouB Cpae ( Viborniiiii). 

adheres to the petiole of its subtending bract, till it reacbei 
the centre of the leaf, where it becomes erect. In BiuwM 
a^ain, the part which simulates a leaf is really a flattenN 
branch, from which the flower-bud is developed, in tiu 
axil of a small membranaceoua bract. Closely resemblisi 
this, bat differing totally in oha.ttt»rtfci,iB^ltonAaww«nci 



-INTLOBKBCEHCK 

Fio. 180. 




FIstloned branch, with floireis tA 
ijDCTU inflorsMwiCfl of ZjlIophjlU oborata, mmu\B,l\ii^ 
on EpiphjllouB inftainceiiiw. 
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of HelwingiHi msciflora, where the pedancle adberee to tJ 
petiole, as in the Linden. 

A HOtoewhat analogona infloreacence occurs in ZtU 
phjlla, where, however, the flowers originate on the edg 
of the pseudo-leaf. This leai-lilce orgtiu is probahlj 
flattened braach, though some look upon it as a nunib 
of leaves fused togethev, something hke what occara 
the Bower of the Cockscomb, and which is caUedftudatio 




Duration. — As to daration, Inflorescencea are eitlu 
taducoiie when they fall early ; deciduous when the; & 
as the fruit,begins to ripeu ; or persistent if thuj remai 
attached to the ripe fruit. Sometimes, aa in the Cash«i 
nut plant, the pedaacle becomes enlarged and fteBl 
daring the ripening oE the fruit ; it is uien said to t 
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Table op the Forms op Inflorescence. 

IvDinviTB Inflorescence, where the terminal bud ii a leaf-bud. 
BinviTB inflorescence, where the terminal bud i$ afiower-bud. 
CnrTRipBTAL» Indefinite, where the lowest or outer flowers are first 

deTel(^>ed. 
CnnuFUOAL'B Definite, where the (organically) highest or central 

flower is first developed. 

IiDiriHiTB F0BM8 1 A. Flowere supported on stalks, 

l>EiCBMB:-a rachis supporting stalked flowers, with stalks of 

nearly equal lengths. 
2> PAiricLB»a compound raceme. 
8* THTB8n8»>a dense pyramidal panicle. 
^ CoBTMB<»a raceme with the lower flower-stalks lengthened so 

as to bring idl the flowers nearly to the same level. 
S' UxBEL'Ba raceme or corymb with suppressed intemodcs. 

B> flowers without stalks. 

!• Spike i> raceme with sessile flowers. 

a. Amentum-" a caducous spike. 

h. Spa^^ia spike with fleshy axis. 

0> Cone -"a spiKe chiefly composed of woody bracts. 

d, Strobile-" a spike chiefly composed of membranaceous bracts. 

'• Locusta--' compound spike of grasses. 
2. Capitulum">a spike with suppressed intemodes. 

^Definite form of Inflorescence is the Cymb. 

^ Biparous cyme, where flowers arise on both sides of the axis. 
B. Uniparous cyme, where flower-buds arise on one side of the 
axis only. 

«• Seorpioidf where the axis appears continuous. 
fi. Selieoidf where the axis is evidently interrupted. 

FiBOicvLVB^a contracted cyme. 
6L0MBSULV8"-a Still denser axillary cyme. 
CoBHABTHiUM— a scssUe cyme with suppressed intemodes— a 
definite capitulum. 

OFPICINAL PLOWERS. 

KoBMo— dried flowers of Brayera anthel- 

mintica Anthelmintic. 

CuTcmhyllus — unexpanded flower-buds 

of Caryophyllus aromaticus (Clove) Stimulant and Carminative. 

fltmbuciis — ^recent flower of Sambucus 

ni^ Slightly Stimulant. 

'■'''trCt^n^'^ldrtlttlAnthel^^^^ for round 

Aothemis — dried flowers of Anthemis 

nobilif Tonic and A\ka\\ne. 
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Lupulus — dried strobile of Humulus 

Lupulus (Hop) Sedative. 

Ammoniacum — gum resin, chiefl^r from 

pedicles of Dorema Ammoniacum Stimulant and Ex 

Cannabis Indica — ^flowerin^ tops of Can- 

nabis Sativa, growing m India Sedative & Antis] 

Oleum LavandulflB — oil distilled from 

flowers of Lavandula vera Stimulant and Ca 

Aurantii Floris Aqua — water distilled 
from the flowers of Citrus Bigaradia 
and Citrus Aurantium Aromatic. 
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CHAPTER VI. 
MORPHOLOGY. 

THE PLOWER. 

Tfli Flower may be defined ae a number {usually four) of 
vhrU of leaves, modified for the reprod/uction of the spedee, 
^ mwied at the extremity of an axis, whose inter- 
nodes at that poi/nt a/re hut slightly, if at all, developed. 

The identitj of the flower and leaf was first made oat 
h Goethe, and has since been abundantly proved by 
*6raiology (study of abnormalities), Comparative Ana- 
^owy, and Development, Teratology shows that &ny 
pwt of a flower may be converted into a leaf. Oom/pa/ra- 
five Anatom/y shows that the structure of the one passes 
i&to that of the other by insensible gradations ; develop- 
^< shows that flower leaves and ordinary leaves 
oriffinate and grow in exactly the same way. 

The top of the flower-stalk, which is termed the Re- 
ceptacle, Torus, or Thalamus, is often modified for the 
lotion of the parts of the flower by lateral expansion, 
10 u to become a flattened plane, as in the Dandelion, 
^ a cap-shaped cavity, as in the Dorstenia (Fig. 120). 

The whorls of modified lecuves which constitute the 
)^er are usuafly four in number, and, as in ordinary 
^^^rticillate leaves, the adjoining whorls decussate. The 
outermost of these rows is called the calyx, the next one 
the COROLLA, the individual organs composing these being 
i^pectively denominated sepals and petals. Sepals 
^re nearly approximate the true leaf type than do 
'^ t&ls, but in both it can be readily recognised. Most 

jnently the calyx is green, whilst the corolla is of a 

erent hue ; as ^een is not considered a colour in 
•botany, the corolla is said to be coloured, and is that part 
yWch is popularly known as the flower. Thoug^h present 
^ most ^nts, these two whorls are not found in all, and 
^ot being absolutely necessary for the propagation of the 
■pecies, are known as the non-essential, or protective 
'^ns of reproduction. 

Within the corolla stand two other whorls constilMlm^ 

* uaENTLAX OBOANB of reproduction — the on© oi Wi^ j 
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male, the other of the female sex. The former is called 
the ANDRiECiuM, the latter the Gyn2ECium. The indi- 
vidual organs of the former are called stamens, those of 
the latter pistils, or sometimes carpels. 

In Dicotyledonous plants it is usual to find 5 sepaUf 
b petals, 5 or 10 stamens, and 5 pistils; while Monocoty- 
ledons most frequently possess 3 sepals, 3 petals, 3 or 6 
stamens, and 3 pistils. In Dicotyledonous flowers other 
figures are often found as the prevailing number. The 
prevailing number (3) is much more constant in Monoco- 
tyledons than in Dicotyledons. 

Such is the constitution of the flower, but many excep- 
tions will be found to this its typical structure. 

Eelative Position op the Parts op the Flower. 

In descriptive botany, the terms anterior and pos- 
terior, superior and inferior, are often used with regarf 
to parts of the flower, and it is necessary that the student 
should make himself acquainted with the meaning of 
these terms, which at first are very apt to puzzle him. 

Flowers are either terminal or axillary, but both kinds are 
supposed to be subtended by, that is to rise from, the axil of 
a bract. In the case of the terminal flower the bract im- 
mediately below it is looked upon as being that in whose 
axil it stands. It has already been mentioned that ^e 
alternate whorls constituting the flower decussate, and 
the same law is found to hold good with the bract a» 
with the parts of the flower proper. In those cases where 
the bracts form a whorl outside the calyx the individual 
organs will be found to alternate with the sepals, that is 
to fit into the intervals between them. This alternation, 
is seen even though the bract be solitary, as it generally 
is. In this last case two sepals stand, the one to tho 
right and the other to the left of the solitary bract. It 
therefore, the calyx be composed of five sepals, arranged 
in a circle, it is evident that the odd sepal will be as fai 
away from the bract as possible. Further, by the law ol 
alternation the corolla is so arranged that two petals 
stand to the right and left of this odd sepal. If, there- 
fore, the number of petals in the flower be five, and^they 
be arranged like the sepals, it is evident that the odd 
petal will be as far away from the odd sepal— in othet 
words, as close to the bract aa i^o^^ible. The same ar* 
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Mpment prerails in the case of the stamens and piatilB, 
nuatthe odd stamen is as &r away from the bract as 
pMnble, while the odd pistil is as close to it as it con get. 




In describing the position of a flower, it is held no that 
tlu bnct is next the person exajnining it, and the stem 
briiiMt from him. Thus the bract is antkhior and the 
■tniiiiFOSTXKiOK(Figs.I33andl^4). When the bract and 
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the flower are placed horizontally on the plant, that part of 
the flower next the bract is called inferior instead of 
ANTERIOR ; and the part farthest from it superior instead 
of posterior. In these two sets of terms, therefore» 
superior may be substituted for posterior, and inferutr 
for anterior. From this it will be seen that the odd bract 
is ANTERIOR, the odd sepal posterior ; the odd petal KS' 
TERiOR, the odd stamien posterior, and the odd pistil 0' 
TERiOR in the normal condition of the flower. The im- 
portance of giving attention to position may be shown by 
the fact that one of the chief means of distinguishing 
the Rose family (RosaceaB), from the Pea family (Legu- 
roinos8B), is by the position of the odd sepal ; in the case 
of the EosacesB the odd sepal is posterior, in the Lega- 
minos8B it is anterior ; thus too the odd pistil in the 
RosaceaB is anterior and in the LeguminossB posterior. 
Except in the case of the LeguminosaB, whenever there is 
only one pistil, it may be assumed to be anterior, so that 
the relative position of all other organs may be readily 
made out from it. 

Variations in the Flower, 

What a flower is in its typical condition it has all its 
parts arranged as has already been described, but there 
are many modifications. 

I. When the flower has all of the four usual whorls 
it is said to be complete. 

II. When it has the same, or multiple of the sams 
numbers of parts in each whorl, it it said to be symme- 
trical; and 

III. When it has every part in the same whorl iden' 
tical, cw to size, shape, and colour, it is said to be regdlab. 

I. Complete and Incomplete Flowers. 

1. Protecting Organs. — When both calyx and corolla 
are present, as is usually the case, the flower is said to 
be DiCHLA-MYDEous. Should one of these whorls he 
wanting, this absent one is assumed to be the corolla, sc 
that the solitary remaining whorl is called the caJ/yi^' 
More frequently, however, in such a case the tenc 
Febianth is used instead of calyx (Figs. 135 and 136) 
Un^rtunately, the word Pebiastb, ot ris:Lt^^;iL^ia some- 
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tinw employed in a different piRnification. Should the 
■Ip wd corolla be colonred alike, whether both whorle 
h green {aepaloid) as m the Dock, or both colonred 




(ntnldiii) aa in the Tnlip, the word perianth is used to 
ungoate the double whorl (Fig. 137). It is aometimeB 
■Iwiued to indicate the calyx and corolla collectively, 
tmt thongh there be no pecnliairity in their condition. 




f SLEHINTABT BOTABT. 

When the flower poBsesees only one wLorl of pre 

organs it is said to be Monochlamybeocb, while 
be absent the term Achlakydbocs, or Naeed (Fig. 




Xaked flower (Ash). 

used. When the corolla is wajiting, the flower ij 
times aaid to be Afetalous. 

2. BsaBNTiiL Oboans. — When, stamens and 
occur in the same flower, it la said to be Fbbfbct c 
KArHBOciTE, which is denoted by the symbol J. 
only one kind of essential organ be present, the fl 




Complete and perfect flower (Sedi 



said to be IntpEKTEcr, or better Diclkous, A 

wAicb contains etamena alone is called a mai£ 

^nxATE dower {indicated by the &^ia\ia\ ^V '^kaf 



HOBPHOLOGT — THE nOVBB. 
Fie. 140. 




MmuMlout Howera. Milr (m) lud rnauto {/) on 
ths Mme plant. 

mtiuu pietilR only is Haid to Lo vkhalk or pihtii.c.atij, 
od ii indicated by the nymhol ? . 'J'o ilonote a plant 
W bu both male and ^umaln HoworH on the name 
iut* aa in the Oak, Birch, &o., tho Uirm MuNtEtioua it 
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used. If they exist on different plants, as in the Willow 
the flowers are said to be Dicbcious. If both male, femal 
and hermaphrodite flowers occur on one plant, it is sa: 
to be PoLYGAiious. Occasionally neuter flowers, or sue 
as have no sexual organs, occur, as in the outer whor 
of the Capitula of some Compositae. 

II. Symmetrical and Un symmetrical Flowers. 

When, in a flower, the same number, or a multiple ( 
that number, obtains in all its whorls, that flower is sai 
to be SYMMETRICAL; but when it has one number ( 
organs (say five) in one whorl, and another number, nc 
commensurable with the former (say seven) in another i 
is said to be unsymmetrical. . Irregularity as to numbc 
in the Pistilline whorl does not interfere with the SYM 




Diagram of a symmetrical flower. Symmetry Quaternary. 

METRY of the flower ; should it, however, have the sam 
number of parts as the other whorls, the flower is said t" 
be IsoMEROUS ; if not, the flower is Anisomerous. 

When there are only two organs in a whorl, the sy^ 
metry is said to be Binary or Dimerous ; when three 
Ternary or Trimerous ; when four, Quaternary or Tei 
RAMEROUS ; and when five. Quinary or Pentamerous. A 
already mentioned. Ternary symmetry is most commoJ 
among Monocotyledons, while the Quina/ry prevail' 
among Dicotyledons. 

Seemg that fiowers are composed of modified leaves, i 
might he anticipated that the ordinary laws of Phyllotai^ 
would a.pply to the former as "weW. a& \^xft\a.\i\iet. %V<wv< 
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flower has a binary symmetry — that is to say, has its 

whorls composed ot organs, the number of which is either 

two, or a multiple of two, sach a symmetry might be 

Vrooght abont in accordance with either of the two types 

of Phyllotaxy — viz., the Alternate or the Whorled. 

Thns, the outer whorl consisting of two leaf-like organs, 

niiglit be supposed to be made up of two modiiiod leayes, 

one on either side of the axis, but either on the same leyel 

(opposite), or though on different levels (alternate), the one 

TMaoed nearly to the level of the other by the partial 

sappression of its separating internode. On the former 

mpposition, the leaves would belong to the ojypoaite type, 

on the latter to the dUemate type, and being separated 

by the whole width of the axis, might be said to be 

arranged in the one-half, or distichous manner. The 

ttne holds good with the other whorls. 80 again were 

the symmetry ternary, each whorl might be supposed to 

be made up of modified vertidllate leaves, three m a whorl, 

or of alternate leaves arranged in the tristichous (one" 

third) manner, with two shortened intornodes to each whorl. 

If flowers be composed of alternate leaves with 

ihortened internodes, it is difficult to account for the 

^^ouBsation of the different whorls, except by supposing 

tbe leaf spirals to be Heterod/romoua, 

On the other hand, were flowers composed of truly 
^Wled leaves, all the leaves should originate on the 
*<une level ; but in flowers whose buds have an imbricate 
'^irangement, this is not the case, for there some leaves 
^ nearer the centre or organic apex than others. To 
J<!ooant for this, M. A. de Jussieu supposed that the 
floral organs in imbricate buds, with trimerous or penta- 
^crouB symmetry, were placed according to the five- 
tbirteenth arrangement. Wore such the case, the Hlightest 
*^dency of the parts to develop to either side would 
produce a decussation of the whorls. 

m. Eeoulae and Ibreoular Flowebs. 

By a REGULAR flower is meant, one wMch has each of its 
^hiorU composed of organs of the same size, the same 
SHAPE, a/nd the same colour. Irregularity may therefore 
'^ to any or either of these particulars : examples will 
^ given furUier on. 
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Variations from the Typical Condition of the Fl 

I. The completeness of a flower can be altered 
way only — i.e., it may be made incomplete (a) b; 
morphosis, (j3) by suppression or abortion. 

II. The symmetry of a flower may be destroyed 
ways — viz., by increase or diminution of parts — 
parts of a flower may be multiplied (a) by metamoi 
(/3) by splitting (Cnorisis or Dedoublement). 
parts of a flower may be diminished (a) by m< 
phosis, by ifl) suppression or abortion, (y) by a 
and cohesion. 

ni. Irregularity may be produced by (a) irregi 
hesion, or by ^3) irregular development. 

1. Metamorphosis of one kind of organ into an< 
very common ; for seeing that all the floral orgj 
merely modified leaves, it might be easily imagin< 
any one of them could be converted ba<;k again 
true leaf, and such is really the case. 

Again, a more highly developed organ may be c 
into a lower, as a stamen into a petal, an organ o 
degree, and so on. Such a change is seen in 
flowers, as the Rose, Camellia, &c. This transfoi 
of a higher organ into a lower is called Retb 
Metamorphosis. Of course, there will be a dimini 
the parts thus converted into other organs, corresj 
to the increase of the organs simulated — ex, gr., 
instance just given, the number of stamens 
lessened in the same ratio as that of the petali 
creased. 

2. Organs may be also increased in number by 
termed Chorisis or Splitting. The term Dedotjb 
or Unlining is applied to the same process, but is 
appropriate. There are two kinds of splitting — 1 
Collateral (Fig. 144), the other Transverse. 
former, the number of organs in a single whor 
creased, by the latter the number of whorls is augi 

In the Mustard family (CruciferaB), the flowers ; 
symmetrical, there being six stamens — four long a 
short, while there are only four petals. Some b< 
account for this by supposing that the four long s 
are produced by the sphtting of two of the normal i 
(foar). This condition is somewhat analogous to 
^ compound leaf with two lea&ela. A. ^vioSL^jt « 
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to a leu extent, it seeo in many other caaea, as in 
Jb of the Mi|{iionette, which are oot np into 
In trannerte or vertical Clutriaia, again, the 
ears to be split into two layers, and soino account 
aanner for the position of auch etamens as are 
)ppoBit« to, instead of alternate with, the petals, 
rangement, however, rather appears to depend 

Fio. \4A. 



Eupliorbium to illiutnU Cboriaia, one ridge 
tplittisg into two. 

le absence of a whorl of stamens intermediate 
those still existing and the inner whorl of petals, 
turn of the spiral to its natural condition, so that 
^nt whorls coincide instead of dccuBBating. In 
laryophjllaceffl), at one part of the petal there is 
ir organ, which, as some think, has been produced 
iUE, while others suppose it to be composed of 
Btiputes. 

ppEBMiow AND Abohtion. — T\ie moat ttci^^-c't. 
dimittation ae to number is SimBXM\0%, oi 
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Abortion, tlie former term implying the complete fibseMe 
of an organ, the latter its presence, hut in, an invperfed or 
7'udimentary state. Organs, snch as stamens, in aa 
abortive condition are often called Glands, or J^ectaboSi 
though they have no glandular structure. 

4. Cohesion. — By cohesion is implied the union, to a 
greater or less extent, of the parts constituting the same 
whorl. It is extremely common in all the whorls of the 
flower. When the calyx is composed of distinct sepals, it 
is said to be Polysepalous ; but when the sepals umte one 
with another, no matter to how small an extent, it be- 
comes Gamosepaloi-s. The typical condition of the corolla 
is PoLYPETALOUS, but cohesiou may render it GiMO- 
PETALOUS, or, as it is sometimes incorrectly called. Mono- 
PETALOUS. Cohesion is rarer in the staminal than in any 
other whorl ; sometimes, however, the stamens do unite 
one with another, either at their lower parts only, when 
they are said to be Monadelphous if they form a single 
bufidle, DiADELPHOus if they constitute two, and Poly- 
adelphous if there be more than two. If union taJcM 
place at the upper part only, the stamens are said to be 
Syngenesious. Cohesion of the carpels is very common* 
and occurs in every degree, from little more than touchins 
at the base, to complete fusion of all the parts. Thi 
term used to imply a condition the opposite of coherent i 
distinct. 

5. Adhesion. — By adhesion is meant tlie union o) 
parts constituting distinct and different wlwrls, as tb( 
stamens with the petals, or these latter with the sepals 
The opposite condition to adherent is indicated by th( 
term free. There are certain terms relative to this con; 
dition constantly occurring, and the student will do wel 
to make himself thoroughly acquainted with their mean 
ing; they are Hypogynous, Perigynous, Epigynous 
Superior, and Inferior. 

In the typical flower all the organs are not only difl 
tinct from each other, but each has a separate insertioi 
into the Receptacle. When stamens are inserted belov 
the level of the pistil, they are said to be Hypogynous 
when, on the other hand, the three outer whorls becom* 
united so as to form a sort of tube called a Calyx tubJ 
heiore they reach the receptacle, the stamens are said tf 
be Febjgynous. Should, nowe^et, tlie calyx tube forme( 
^^ bjr the adhesion of tlie sepala, petaXa, «uTi^ ^\ascL«ii& d'jswl^ 
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rand and adhere to the t 

b« teen except the top, t1 

Fto. US. 




BwMptacla of Banuniniliu — HjpogTDoiu SUmi^a. 

ntaJD of the great dirisioQB oE DiootyledonH are. 
dad on theee secaliarities. Thaa the TjiALAUirutiLis 
inhend all ooirera with Ilypogipiims stamens, th(i 
r whorls heiug^ee and di8t\mct. The OALYCifLOiMi, 
0, which hare their stamens inserted into the so- 
d oalyi tube, may have either Feritjijnoua or Epujij- 
flowers. In the Cobollhtloilv, the corolla is Uaino- 
long, and the atamens are inserted in it so an to 
nee a kind of perigyuous flower. 



Fia. lU. 



Fio. 147. 





loui Slameu). 



e temii supebior and inferior are used with 
"i to the oalj-x and pistil. Wlien ttift 6a,\jiL \* 
iar, that ia, ddbereat to the ovary, and coto.'^WA'S 
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covering it, the latter will of course be Inferior, Wl 
again, tne sepals are free and inserted below the o^\ 
the calyx will be inferior, the ovary swperior, O 
sionally the term Half-superior, or Half-inferior, is x 
to indicate an intermediate condition. When the stan 
adhere to the pistil, as they do in the OrchidacesB 
AsclepiadacesB, they are termed Gynandbous. 

The Unequal development and Union which give 
to Irr£gula£ITY, present nothing worthy of spe 
notice. 



UNUSUAL CONDITIONS OF THE BECEPTACLE. 

Occasionally the extremity of the axis in which 
flower is inserted, instead of being small and inc 
spicuous, becomes much enlarged, more especially w 

Fm. 148. 



Flower of Silene Italica — ca\yx. tonv to ^cw VJaa vdl^ax^ 
the insertion of sepaAa anA. ^Vi8^& V^3iSbXfii\^ 
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iatili are Domerona. In the Nelnmbiain it grova ap 
«n ihe isdiTidnal carpels, and finally appears to en- 
ewdiiiialitUecaTitjr. The edible part of the Straw 
it the enlai]^ receptacTe, at is in part the fleshy 
m of the Hipe of the Rose. Sometimes, as in the 
linm, the receptacle ie prolonged between the ovaries 
lonsiderable extent. 

Jiongh, in their normal state, the internodee sepa- 
; the different floral whorls remain undevoloped, jet 
e may be fonnd in which one or more of these have 




lengthened out. This developed intemode is called 
riFE, and the organ supported on it is said to be 
TATE. Some of the Caper family (as Qjnandropsis) 
' developed intemoden between each of the whorle. 
n the developed intemode occurs between the sepalH 
petals, it ie called an ANTnoruoKE (Fig. 118), When 
Qternode occurs between the corolla and stamens, it 
lied a GoNOFHOBE. When the developed mtenuySA 
cait the piatila onlj it is denominated & Q[\l!iOSUOB&, ' 



no 
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Cahpophore, or Gykobasi!. SometimeB each carpe) 

Srted ana separate atalk, which is termed a, Thec. 
.18 differs from the tiad of ataik JBBt mentioned, 
responding with the petiole"'ot the carpellary leaf b 
it, rather than with the developed intemades of 
ceptacle. 




FlowBTof Csper plant— the gTOfflCium Disk (Di 

far lemoied from tbs leet of the Sowei 
(Q-jnophore). 

The Disk is a peculiar organ, either produced 
expansion of the receptacle, or by conjoined 
which sometimes interrene between the stame 
pistils. It may he hypogynons as in the Orange, 
nouB as in the Apple, or epigynous aa in Umbel 
Plants, 



Ill 



CHAPTER VII. 

PRiBPLORATION OB iESTlVATION. 

BE floral enyolopes are arranged in the flower- bud in much 
le same way as leaves in the leaf -bud, but there are eer- 
in modes of folding found in the flower which are un- 
lown in the leaf-bnd. Besides the BecUnate, and Oirci- 
ikt the Conduplicate, Convolute, Plicatef Involute, and 
mhte forms of leaf-folding, other modes occur. The 
)wer-bud8 of the Poppy and some other flowers, instead 
being regularly folded, have their petals irregularly 
ximpleid up. This kind of aestivation is known as the 

OBAUOATE or CrUMPLED. 

As to the position of the flower-leaves with regard to 
•ch other, besides the Imbricate, Vahate, and LidwpU' 

Fxft. 162. Fio. 168. 





VeziUary ^stivatioD. CoDtorted J^stivation. 

rffl, other forms are seen. In what is called Vexillary 
8tivation (Fig. 1 52), seen in Papilionaceous flowers, one 
fge piece called the Yexillum or Standard embraces two 
de pieces, or Alm, which in their turn enclose two con- 
ined petals, forming what is called the Carina or Keel. 
1 the Contorted (Fig. 163), called also the Convolute 
•nn of aestivation, the principle of the convolute vema- 
OQ, already explained as to single leaves, is applied to 
ie whole group of flower leaves forming the calyx and 
>rolIa. l^e leaves appear to radiate from the centre to 
le circumference of the flower, and are ttien Wi&\j^ 
^d, as JB done in rolling up a piece of m\XQiV.(^ ot «ak 
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umbrella. In Gamopetalous corollas, combined with & 
sort of plaiting, tbis is called Sufebvolute, and is seen in 
the Oonvolvnlus. 

Sometimes the calyx and corolla exhibit difPerent modes 
of aestivation, as in the Mallow family (Malyaceae), where 
the calyx is arranged in a valvular, the corolla in a conr 
torted manner. !m St. John's Wort (Hypericum), Ac., 
the aestivation of the calyx is imbricate and that oA 
the corolla contorted. 



CHAPTER Vni. 

HON-BSnUITIAL TLOBAL OBfllHS. 



&t CiXTX ifl the outermost of the leof-wborla 
titnte the flower. Sometimes, however, there 
ontaide the calTX, osnally composed of modi- 
I or stipules en the sejnls, (uid termed ui 



>iu.rBBPALonB), bat thej maj cohere either 
partiallj, when the calyx ie said to be Gamo- 
; UoHOBUiuins. 




Boubud ihoiriiig Mgmealed Mpali. 

approach the leaf type more Dearly than any 
16 floral organa : UBuallv they are aesnh and 
sometimes they are coloured or petaioid. In 
sepala are entire, but sometimes the mai^ins 
inuie Rose (Fig. 154). Jrre^uiorifif ia ottenipto. 
tpals hj the development of poQcliM, i-nMrft, bo., i 
er part. A cnrioas irrej^oLantj VDStA m ^ ^ 
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Aconite, where the sepals are colgored, and form thatliood 
whence the plant'e aajaed Monkehood ie derived (Fig. ISS). 




Floira of Aoonita — sepali cut awa; to ahow irregulBiit^. 

Sepals may either utand erect oi have their free mamn^ 
tnmed oatwardd {Hveraent]. If, on the other hand, m»^ 
free margins are tnmea inwards, thej are said to be Oo*' 
nivemt. 

When the oalyi is gamoeepalout, the union between tl^ 
individual orgaas may be either complete or partial. Tti^ 



!Den<&l« calji of China Primrose. 

part where the sepals cohere is called the tube, and th.^ 
npxwr extremity or thiB is called the throat (?iiix), whil^ 
the free or spreading portion is called the limb. Thi* 
limb is oomposed of lobes or THitft (lH:g, 157), if coheBio** 
ia aot complete. Theapa^ea w^nct M;5«»^»ftKL^!J»»»x• 
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(unt. If the cohenon be complete, tlie limb m 

eiHTIBZ. 

Fi9. 167. 




!llji at Agroftaimiu, ihowing &ee lobM or teeth. 



3 smuBee, if thej exist, and by the projeoting 
Responding to the midribe of the tme leaves, the 
)f eepalB making up aach caljces may be ascer- 
QftmoB^HtlonB calyces may be either reg^ala/r or 
• (Fig. l^)i and the tenns employed to designate 




Irregular aiji of s labute flavor. 
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DuRATioH. — Ab to daration, eepals are either 0< 
OB in the Escholteia, where the calyi falls off like 
tdntrmBher oF a candle ; or in the Poppy, where it 
in uie ordinELTT wa;, immediately att^r the expai 
the flower, lliey are deddw&as when they fall o 
tho same time as the corolla, as in the case in mosl 
If the sepals remiua attached to the miening fm: 
the Labiatse, &a.) thej are said to he Pebsistbnt. 
calyz remain in a withered state, attached to t'. 
bnt Hurronnding it loosely, it ia said to be Mabj 
Sometimes the calyx contmues to grow so as to 
bladdeT'like covering to the fruit, as in Fhysalis 
then said to he Accrbscbnt. 

UosinCATioNS. — The most important modificatioi 
BepaU nndoi^is into what is termed a Faffds (E 




Fappni — inToluoie out to aboir ft 

This is seen in the Gompoeitn.IlipBacGaa, andYaleri 
In some of these plants the calyi, which, originallj 
its lower part, diners in no respect from the ty]MC 
towards the period when the frnit ripens, spUts u 
great number of slender thread-like filaments, 
when the frnit separatee from the receptacle, sn 
in the air till a, proper resting-place be attained, 
one has seen examples of thia in the down of the 
Dandehon, Ac. 

Pabt n. — CoroUa. 

The huier whorl ot the BoiaV (rnidn^, whid 
'reeeat, is nsnally coloared, is celik^ ^Coa ^jinti 
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tiu modified leaves compoeing it are called pETALa. 

Ihoagh the homology of petals with leaves is lesa evi- 

dnit uun. ie that of Hepala with leaves, still it may be dis- 

tinctiy made out in various ways. First, by the gradniil 

WMge of the Ereen sepals into colanied petals, as in the 

Water-lily, ana Becondly, by the close analogy between 

tiie diSerent parts of leaves and petals as to etroctore, &c. 

Tbotigh eepals are -neaally sesaile, sach is not always 

Um cue with petals, for these often have a narrow con- 

'ncted part, corresponding to the leaf-stalk, which is 

tnmed uia Claw (Uhoitis), whence such petals are eaid 

to lie UfOOiCDLiTE (Pig, 160). The spreading portion, 

'''ntponding to the blade of the leaf, is called the Limb. 

HifuCQlate petals may be seen in most plants of the 

ClHchreed family {Caryoph-" ' -- " ""-- "" 

utioQ, £«. 

Fio, 180. 



lily {Caryophyllace»), as m the Car 




Petal with obw. 

The terms used in describing the margin, ontline, &c., 
of leaves are applied with lilce significations to petals. 
There are, however, certain conditions peculiar to petals. 
Rich ae that seen in the Bagged Robin (Lychnis FIdhcu' 
nli], whose petals look as if cut np into tringes, and are 
Mid to be Lacimiated or Fimbriated (fringed). As to 
■h^>e, some petals are boat-shaped (Navicdiab), others 
spoon-shaped (CocBLEAairoRu), or have procesaeH or 
pODches 01 greater or less dimensions projecting from 
them, hence are said to be Gibbocg, BkcChTi.cyc %f\^%sx%, 
aeoordjng to the size and shape of ^itie ^Q<K«»e%. \ 
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certain cases, more especially when there is mo 
one whorl of them, some of the petals may be 
lessened as to size. Sec,, that is, become obsolete ( 
ti/oe. The term Nectabt is used to designate th 
other floral organs in snch a condition. 

The corolla is nsually much more delicate in 
and of a brighter colour than any other part 

Fm. 161. 




Foljpetalous Corolla. 

flower. In many cases it is furnished with gla 
creting odoriferous substances. 

As to Cohesion, the corolla maybe either Polyi 
(DiALYPETALOus) (Fig. 161), or it may be Monop 
(Gamopetalous) (Fig. 162). In describing the 

Fig. 162. 




Gamopetalous Corolla. 

(Gamopetalous) condition, the terms tube, throat, ( 
and Umh, are used with the same signification a 
applied to the calyx. 
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PoLTPSTALOfUS CoBOLLA. A. Beoular Fobms.— The 
legnlar forms of the Poljrpetalong Corolla are four in 
munber— viz., the Gbucifobm, Cabtophtllaczous, Bosa- 
Clous, and Liliaczous. 

Fie. 163. 




Crucifonn Coiolk. 



1. GBuciPBBons, OB Cbuctfobm Cobolla. — This kind of 
corolla ffives its name to the family of the CmcifersB, or 
Hostard tribe. It consists of fonr petals, nsaallj nn- 
Rpicolate, arranged in the form of a St. Qeorge*s cross. 
Bx. Wallflower, Stock, <fec. (Fig. 163). 



Fio. 164. 




Caryophjllaoeaai Corolk. 

2. Caetophtllaceous Corolla. — This variety, seen in 
*w duckweed family (Caryophyllacese), contdstft of ^'q^ 
P'Wi!, with long clawB, enclosed in the tube o£ ^iSaa e»lyL) 
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and with limbs direTgitig almost at riglit anclea fr 

claw (Pig. 16*). Et. Lychnis, Pink, Camatioii, & 

3. BosACEODB CoKOLLA.— This form of corolla c 

of five petab, wboee clavrs are absent, or only a 




Bomceoiu Corolla. 

developed {ohgolete), spreading regularly from thei: 
tion (Fig. 165.) Ex. Strawberry, Single Rose, Ac. 
4, LiLiACEons CoROLLi. — This form differs very I 
from the Bosaceons' only it belongs to tiie Uonc 
dionouB type. In this the petals form a sort of 
before spreading, instead of diverging directly, as 
Sosaceoos form. Ex. Lily. 




Papilionwemu Cciroll*. 

B. IxBXODL^ PoLTPETAioua Corollas.— The c 
rrapilaT form occarring among polypetalons con 
which any distinct name has been applied) is 1 
PiuoMACBora, or Butt^fiy-skaped Corolla, seen 
Pea and many other LegnminoBe- The five pc 
wbieb it ie composed are arranged so that the oi 
wbicb ie very large, and culled. xneNKsuAAiis.,tn ab 
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ied pofteriorl;jr. At the mdm are two piecen 
he Aim, or wingM, while autoriorly two finaUer 



Fia. 107. 




Pftrti oompoiing a PtpUkmacMtii CotoUa. 

mite to fom what in called the Cakiv a, or Kael 
06 and ld7). 



Via. 168. 



Oahohbtawiuh OoB^)r/LA.— The Oamo- 
I formn of corolla are more numerous 
e the former, there bein^ idx r<igiilar 
»-- viz., the TuBiJLAK, the Uhcw^latk, 

MFAVULATB, the iNFUNDIHULirOKM, the 

TKBiF()Kif, and the IU/tatk ; and tfirm 
ir— viz., the Labiate, the rKKw^WATK, 
LiOHLATK corollas. 



KOUIAR. 1. ITieTuButAB coTolla w>n. 
a tulK) nearly cylindrical throughout, 
a Neon in the central flowerH of many 
ntw, Ac. (FiK. 168). 
be UacKoiATB, oa Ubn-hhahki) Co- 
'l%iM iM a modification of the former, 
the tube iH expanded at tlio centre 
)inj( Bomewhat contract<jd both at the 
id apex, Heen in the Purple i loath 

<tc. (FiK. 169). 

le Campanulatk, oh IIkh-hm kVYs\) Co\unA«K.- -WMstv 

te dilateu grwdimlly and coutinuouHV^ Ito^ Naaa 



Tubular 
Corolla. 
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to apex, ukBtead of in the middle only, it prodnoea 
Gampannlate corolla eeen in the Harebell (Fig. 170). 





tJrceolate Corolla. 



CampBHul&te Ccnolli. 



4. ThelN?UNDIBOLtFORM,ORFniIKEL-aEAPKDC0B01L 

THb differs from the last varietj only in having a 1 

tnbe, contracted moBC of the wt,j 

'Eio'171. wards from the base, hnt with the 1 

dilating gradnally at the top, aa in 

. flower of the tiobacco-plant (Nicot 

(Fig. 171). 

5. The HYPOCBiTKRiroHH:, or Sai' 
SHAPED Corolla. — This form differs i 
the others in having a long narrow t 
from which the hmb suddenly dive 
nearly at a right angle. Ex. Pnlox, fi 
rose, &o. (Pig. 172). 

6. The Rotate, or Wheel -sk; 
Corolla. — This form of corolla di" 
from the lastinone respect only, the 1 
being very short, in fact scarcely per 
tihle, the limb spreading as before. 
Potato and other SolanaoCffl (Fig. 1? 

B. iRREonLAR Oamopetalods COBOl 

1. The Labiatb Corolla. — In tie 

biate, bilabiate, or lipped corolla, the . 

Infiindibnliform is divided into two digtinct lips. 

Corolla. upper, overhanging the lower, ia neu 

com.po8ed of two petals more or 

nnited ) the lower, made np of three, may be en 

biSd, or tri£d. When tlie up^i ^-^ ia maoh arc 
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he Wliite Dead Nettle, the corolla is sometimes 
> be BINGENT or OALEATE. This form of corolla 
bs name to the natural family of the Labiates, in 
t very commonly occurs (Fig. 174). 

Fig. 172. 




Fig. 173. 




poeraterifoim Corolla. 



Rotate Corolla. 



be Pbesonate, or Mask-shaped Corolla. — This 
iffers from the labiate in having the throat par- 
ccluded by a bending back of the lower lip, termed 
ATE. Ex. Snapdragon (Fig. 175). In Calceolaria 



Fio. 174. 




Labiate Corolla. 



fhtly modified, so as to resemble a slipper. This 
IS sometimes called Calceolate. 
m Liqulate, or Stbap-shaped Corolla, — Thiftkind 
la is ampfy a tubular one, partifidly Bp\it \xp,^o ^a 
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to become a flattened band, or strap-like bodj 
as in the florets of tbe Dandelion (Taraxacnm) 
outer florets of the Daisy. 



Fig. 176. 




Personate Corolla (Antirrhinum). 

The number of petals composing snch c 
often indicated by incisions, or teeth, at the i 
the strap. 

Fig. 176. 



•!>•««»■. 




Ligulate Corolla. 

Many of these corollas are accompanies 
spondiag forms of calyx, aa t^ie tuW^x, \a3Qi^aJ 
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iNSAses o? THE CoxoLLA. — At the base of the Fetola 
Bannncnlns a small scale-like OTgan is TOBible, 
u called a Neotabt (Fig. 177). Sunilar organs 
n many other plaota. Than in the NardsaiiB, they 
sort <a ling (called a corcma) in the interior of the 
. A ring of hairs aimllaT to this occnra in the 
r of the £wera of the Boraginaceee. The origin of 

Fib. 177. 




Nsotaiilbroua Fetal (Sanonculiu) . 

Digane has been by some attribnted to tmnBTerae 
S; byothera, to the abortion of adnata epipetaloos 

ATIOH.— The corolla may be caducous, deoidKOKt, 
•iitent, like the calyx. When persistent, it nsnally 
B up, and becomes marcescenf, as in the Heath. In 
ne, \be cadncona petals continne to cohere by their 
and so fall off in the shape of a little star. 

PETALS. 



-dri«d petal! of P^pwot Bhteu J 

MifoUA — 6«ak petala of R. Cea- 

ilit(Cablssa £o>e). Odoriferous. 

lUioft — EVesh and dried peUli of 
biidaotB.aallica(BedBoH) . Anringant. 



nMVioleU) Colauiingii 



CHAPTER IS. 
MOEPHOLOGY. 

THE ESSENTIAL 0BGA5S OP 

WiTHis the two outer wtorls of modified loavM irliiii 
ConHtitute the non-eseential orgams of Reproduction Mi 
placed two other whorls, conatJtntinft the B»te<iiid 
Orgtms. The outer of theee two whorla compoeed it 
ttmnene, is termed the Andrisciumi the iuaer, made^- 
otpiatiU, ia called the QyticBeimti. 

Fabt I. — Btameng. 

Hitherto the floral orsans treated of could with n^ 
little difficulty be referred to the ordiitary leaf tjpe, M 




manntion of petals into stameni (Nymplm^. 



in those which have now to be dcBcribed there ii t 
greater divergence from that type. The indiridnil 
organs conatdtuting the AndrcBciaini are termed snjoM. 

A atamen might be defined as a flov>er-leaf,peeuluKk 
modified for the prodactkm of a powdery gubetanee eolU 
ToLLESy'wkichienecetsaryfortheJecuniiation ofthaovA. 

As the normal condition of the leaf is to Iw fumiahal 
with a stalk, so the stamen nsnally poHseeses a thrai^ 
like organ homologous with the petiole of the leaf, ud 
termed the pnAHENi. Supported bj the filament ii 
^Atpart of the stamen corresponding with the bUda <t 
the leaf; it is called fhe utisix. ^ viv most oafiw tin 
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iivided into two equal halves by the midrib, so the 
is made up of two halves or lobes. These 
ond to the halves of the leaf, and are joined 
\T by the homolo^e of the midrib, which is called 
NNZcnvE. The interior of each an- 
3e is occupied by one or more cavi- Fio. 179. 
lied CBLM, or loculi, which contain 

LEN. 

EN is homologous with the cellular 
which makes up the greater part of 
of, and the cells correspond with the 
rers of this tissue found in the leaf, 
I afterwards be described. Some 
(ts suppose that the anther is formed 
umer somewhat different from that 
ascribed. They hold that in it the 
folded, so that its two margins meet 
connective. On this theory the whole 
mrface of the anther would corre- 
with the lower surface of the blade 
leaf, and not partly with the upper, 
with the lower, as on the other hypo- I^ongitudinal 

The former doctrine, which maSn- ^*^^"^ 
hat there is no folding whatever, is innate Anther, 
•robably the correct one. 

igh commonly present, the filament is not abso- 
necessary, and is sometimes absent, in which case 
ther, like a leaf without a petiole, is said to be 

The base of the filament is usually attached to 
^eptacle bv a joint, which, however, may not be 
nt when there is adhesion of the stamens to either 
out^r whorls. Occasionally the staminal filament 
doped without any anther, when it is said to be 
;. Sometimes the stamen exists as a scale, or a 
protuberance merely, when it is called a St^lmi- 

lOSNT. — In most cases the filament is a slender 
•like organ, hence called filiform, — or hair-like, 
med capilla/ry. It may taper from base to apex, 
it is said to be awl-sliaped, or subulate; or from 
base, when it is called clavate, or cluh-sha/ped. 
anes, as in the Nefctle, it resembles a row of beads 
Iform) ; or it may be petaloid, as in tYie '^«A«t - 
iiere there are organs in every stage m^ATiivi^d^aXA J 
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between a perfect petal and a perfect Btamen (Fig 
Oocaaioually it is oiviiied at the anmnut into two oi 
teethi one or all of which may anpport anthers. Ii 
cases appendicnlar organs, probably homologDof 
Btipnles, are fonnd at tbe base of the filament i 
shape of glandnlaT proceaseB, aa in the Lanracefe 
Bpnra in Boaemary, Sk. 

ANTneH. — The usual ahape of the anther is son 
oblong, with a furrow on one surface (the face), 
ridge on the other (the dobbcm, or ba<^). These 
B^nd with the Connective. At the border corresp 
with the edge of thq leaf is a sort of line, at whi 

Fie. 180. 




ripe anther nsnally opens, called the sunraE, Wh 
face of the staiuen is turned towards the pis^ 
warde, as is nsnallj the case, the anthers are sai 
INTBOBSE ; bnt when the face looks outwards, or ti 
thepetals, they are said to be extrorse (Fig. 180). 
There are three principal ways in which tne filai 
joined on to the anther: these are the Ihbatb, A 
and Vebsatile. 

1, Ikmatb. — When the filament appears to paai 

into the connective without any intermption, the 

is said to be iknatb (Fig;. 179). 

k 2. Adnate. — When ftie &ameTA> does aot pass ( 

liitto the base o£ tihe connetAA'^e.^i^^- Bi'v^oKn^A-i 
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the back of it at, or not far from the base, and then to be 
oontiniied along the connective, the anther is said to be 

ADHATK (Fig. 181). 



Ti&. 181. 




Fig. 182. 



I 



Adnate Anther. 




Versatile Anther. 



3. Versatile. — When the filament joins the con- 
nectdve near the middle of the latter, so that the anther 
t^pears balanced on a fine point, it is said to be versatilk 
(%. 182). 

CoNNBCTiVB. — In most cases the connective is a solid 
body, nniting the two adjacent anther-lobes, and neither 
ttt^ding beyond nor faUing short of their extremities. 
OccagionaUy the connective is developed beyond the 
uther-lobes, as in the Oleander, &c, ; and on the other 
]uuLd,it may not reach their extremities, producing an 
^rginaie appearance. Sometimes the connective has a 
bedded lateral development, separating the one anther- 
Wbe from the other. When this is very marked, the 
^ihen are said to be distractile, as in the Sage, 
fc. When furnished with appendages (spurs, &c.), the 
•other is said to be appendiculate. When the anther- 
lobes are very long and narrow, as in the Grasses, they 
^ said to be linear. In the Cucurbitaceao they are 
'Wy much convoluted (sinuate), so as to resemble a sort 
rfwrolL 

In their young state the anthers usually contain four 
Avitie8,or LocuLi (hence termed quadriloculak) (Fig. 188), 
ht Wtiie absorption of the septum in each, lob^, ^^l^t^ 
iqwthef vsnally poBBCBB but two (biloctjlab.V ^'''^ ^ ^^'^ 
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instauMB the connective alao becomes absorbed, so bb to 
leave bnt a single cavity, in which cb se they are said to ba 
TjNiLocnuB. When only one lobe ie developed, the ftntiw 
is said to be duiidiate. 

Fio. 1B3. 




Quadiiloculu ijithen. 

Dehisc^kce.— As the function of Htamens is the pro- 
duction of pollen, which, to be of an; service to the plant 
must moke its waj to the pistil, there most be Bome con- 
trivance for its escape from the anther. This is effected 
by what is termed the seeiscehgb, or bnrsting of tb < 
anther, which takes place according to one or other </ . 
four plans— viz., by LouangiiiNAL, TBAHavzBSE, Poaomi 
or Valyttiar DeluBcence. 

1. Longitudinal Dehiscence. — When the pollen isfit 
for fecundation, the anther often bursts in the margiiiil 
line alreadv mentioned^ and called the suiure, which cone- 
spouds with the margin of the blade of the leaf. T)ii> 
oonstitutea Lonoitddinal dehiscence {rig. 179). Bi 
Banuncnlns. 

2, Trawsversb Dehiscence. — Though the anther-lob* 
are generally placed parallel with the connective, yet m 
a few cases, they are twisted on their own axes, bo that 
their bases or apices, instead of their aides, are drrecteJ 
towards it. Should this be the case, it wiU be readilj 
understood that dehiacence taking place along il>B 
margin of the leaf, in the usual manner, wonld appear tO 
mn across the anther, or at right angles to the COD- 

biective, and should the opening in the one lobe join on to 
I6a£ in the other, might ainviilLBiB t^e wg^aaranoe of * 
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lied anther. When the opening runs across the 
I this manner, the dehiscence is said to be tra/ns* 
g. 184). Ex. Lady's Mantle, &c. 

Fi&. 184. 




TraniTerie Dehiicenoe. 



ROUS Dehiscence.— When the anther bursts by 
^enin^s usually situated near its apex, the de- 
is said to be porotie. These pores are produced 
atnre opening only a small way instead of along 



Fig. 186. 



Porous Dehiicence. 

ire face or side of the anther (Fig. 185). Ex. 

R» Ac. . 

iLvuLAR Dehiscence.— When a poxtiOTi (A Xa^ ^^ 
mther gives way at every point ftov© oue^'s^^ja.Oft. 

K 2 
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remains as a sort of liinge attacliing this lid to the : 
the anther, and so as to leave an opening in its sic 
dehiscence is termed Valvitlab (Fig. 186). Ex. 
berry, &c. 

Fig. 186. 




Talrular Dehiscence. 

The stamens collectively present some pecnliJ 
which, as affording valuable means for distingn 
genera, are important to the student. These pecnli 
will be best considered nnder the heads of — 1st. ^i 
2nd. Position, 3rd. Relative Length. 4th. Union. 

1. Number of Stamens.— Linnaeus, in arrangir 

Fig. 187. 




Diplostemenous Stamens. 

vegetable kingdom according to his artificial 6 
seized on the important characters yielded by the si 
as to number, &c., for distinguishing his classes, f 
terms are still retained. 
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Wlientlie stamens are equal, in point of number, to the 
sepals and petals, the flower is said to be Isostemenous ; 
bat if their nnmberbe not the same as that of the sepals 
and petals or a multiple of it, the flower is said to be 
Akisostemenous. Sometimes the number of stamens is 
oqnal to the sum of the two outer whorls, when the 
flower becomes Diflostemenous, but this term is some- 
times used otherwise. 

A flower which has one stamen is Monandrous, one 
with two DiANDEOUs, &c., but fuller details as to these 
points will be given when considering the Linnasan clas- 
sification. 

H. Position op Stamens. — As to position, or insertion, 
stamens may be Hypogynous, Perigynous, or E'pigyiwus^ 
the meaning of which terms has been already explained. 
WJien inserted on the inner faces of the petals, tney are 
said to be Epipetalous (Fig. 188). Acconiing to the law 
0^ alternation, the stamens, if they constitute but a 
ODgle whorl, or the outer of these if there be more than 
one, should alternate with the petals. Occasionally, in- 
stead of being oM&mate with the petals, they are opposite 
to them, whicn may be accounted for by the doctrme of 
Aoriais, as already explained; or, what is more likely, 
by the suppression of an intermediate whorl. 

HL Relatttb Length. — ^Instead of being all of an 

Fio. 188. 




Epipetalous and Didynamous Stamens. 

|Vttl length, it occasionally happens tliat ^om^ oi ^<^ 
*»«flD» ajie longer than others. Th\iB,m t^^ \»a\y\a.\sa. 
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there are two bng and two short stamens, oi 
count their stamens are said to be Didynahoi 
Craciferae, again, there are fonr long and two sh 
the term Teteadtnamous is applied to them 



Fia. 189. 




Tetradjnamous Stamens. 

When all the stamens are shorter than the 
corolla, they are said to be Included, as in Gincl 
they are longer, and project beyond it, thej \ 
be Exserted, or Protrudvng, as m the Plantain 
lY. Union. — ^As to union, stamens are eithi 

Fig. 190. 




Monadelphous Stamens (Erythroxylon Coca) 

tinct, and hypogynons, as in the Eannncnlns, ( 
hy adhesion, Periaynous, Eptgynous, Sec, The 
cohere into a single bundle % their ^laments 
^Mous, as in the MaHow"), into Wo iJ^iKH^iy 
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nam). Where, instead of cohering by their filaments, 
■UmenB are united bv their anthers oaly, the; are t<aid 
wlw SmoEKESiouB (Fig. 194), as in the Compo8it». 
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When they adhere to the pistil, they become G 
DRous, as in OrchidaoeaB (Fig. 195). 



Fia. 194 



'^ 



^^ 



Fig. 195. 




Synantherous or Sjngenesious 
Stamens. 



Pollinia (Orchis macu] 
a, Caudicle; b, Betiiuu 



Pollen. — The origin, structure, and properties of ] 
will be discussed in another connexion ; suffice it t 
here, that pollen is usually made up of distinct grab 
in the OrchidaceaB and Asclepidaceae the different { 
cohere, constituting what are called Pollinia., or 1 
masses. Occasionally, these masses are furnished ^ 
stalk-like process, called a caudicle, which ends 
glandular enlargement for attaching it to foreign b 
called the bjbtinaculum. 
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CHAPTER X. 
MORPHOLOGY. 

TUE PISTIL. 

Occupying the organic apox of tho flowering axis, and 
within the stamens, though sometimes separated from 
them by the organ described as a Disk, stand the Pistils. 

Ko folding is necessary to account for the changes tho 
W nndergoes in its transformation into petals, sepals, 
a&d stamens ; though some botanists look upon the anther 
M fonned by the folded blade of a regular leaf. In dc- 
icnbing the pistil, in accordance with tho leaf type, folding 
^ be found necessary to account for the altered appear- 
iUUM assumed by the leaf. 

Each individual constituent of the Pistilline whorl is 
l^nned a carpel, and may be looked upon as a condujfUcate 
*^fwith the edges turned mwwrds. iTie lower part of tho 
carpel consists of a cavity* containing modified buds or 
OVULES, produced on the inturnod edges of this carpollary 
waf. On this account the cavity is called the ovary. The 
mtamed edges of the leaf constitute what is called the 
lACENTA. The type of the ovules must be looked for in 
the buds producea on the leaf edges of such plants as 
the Bryopnyllum (Fig. 196) and Malaxis. 

Surmounting the ovary, in most cases, there is a long 
slender organ, termed the style ; this has by some been 
jooked upon as the proloujfed midrib of the carpollary 
W, but it differs from a midrib in section, and still more 
wcidedly in being hollow. On this account the stylo 
uinst rather be looked upon as a contracted portion of the 
J'ary. Terminating the style is an organ which differs 
from every other part of tho plant in possessing no external 
ooveiing (epidermis). It is the enlarged glandular ex- 
tremity of the style, and is called tho stigma. "When tho 
(tyle is absent, as in the Poppy, tho Stigma is said to Ix) 

«tt«ILE. 

Another theory as to the morphology of the Pistil, was 
Propounded by tne renowned Scnloidon. Ho looked upon 
t^ placenta as the direct prolongation oi \]^^ "^Tyxaarrj «t 
^^odaryaxiB, the ovules, as modiftod Wda, OYv^\XL'6iCvtt% 
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from this axis, and the carpellarj leaves as bracts pe( 
modified for the prot«ctioii of these bnds. This ' 
well adapted to account for the appearances obsei 
Bnch plants as the Primrose, where, in a eompovmd c 
i.e., in one consisting of more than a single pis 
placenta is altogether anconnectad with uie wal 
occupies the centre of the cavity. On the other 1 
does not so well apply to cases where the placei 




leaf of Brfaphyllum producing buds at its edgea. 

heres to the wall of the ovary, as in what, on tl 
theoi7, is the tn^pical case. 

In opening to allow the escape of the ripe ovr 
ovaiT BBnally gives way either at the placenta ot 
nidnb. Hence the line of the former is termed t 
TSAL, that of the latter the roE&ii. suture. 
NvuBZR. — It rarely happens fti?A "liift Tiamber o 
exactly corresponds yACb tVe iraicftjtsi ot ^ra^a-oi 
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Bw onter whorls ; bat, according to the definition, this 
wet not interfere with the symmetry of the flower. In 



D lectkm of ^util of Frimnm— unil 
oraij Tith tree central pUixnta, 



™ WnminOBBS, where the nnmber five prevaile in the 
™tt TOorla (qmnary summetry) the carpels are reduced 
■>oiie. In ^e Bannncnlacete the carpels are often verj 




Flower with Mlitorj H»tU, 
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nnmeroiiB, and are, therefore, said to be raDEnsiTB. Tlie 
nDmbor of piHtila in the flower was seized upon by LumseoB 
aa fomishuig characters for the orders in his artificial 




Flowei with uideSnite Pisljla. 

system. He used such terms as Monogynoug when there 
is bat one pistU, Di^ynous when two, and bo on, ae will 
b6 afterwards explained. 

Union. — When there is only one pistil in a fiower, or 
where all the Distils are distinct, thej are said to be 
SIMPLE (Pig. 19a). Where, on the other hand, they cohere 
with each other, the term compound is applied to them. 
Other terms are employed almost synonymonsly with 
these : thuB, when free, they are said to be Apocabpous, 
when united, Syhcabpous. 

The degree of union in. Syncairpous pistils is eiceedingly 
varied. Sometimes they are closely nnited in the ovary, 
style, and stigma, in which case the number of component 
carpels can only be made out by counting the depressions 
which DBually eiist where one carpel joins another, or the 

Erominences corresponding with the midribs. Even thia 
kila in some instances, where the number can only b« 
made out by cutting across the ovary, and counUng the 
number of placentse. 

In the Stonecrops the pistils are coherent, but not 

entirely so, being free at the summit. In the Pink, the 

stjie alone is free ; in, ttie GevamMm.i^ia ati^mas only am 

separate ; while the Piinwoae taa tTjec^ -gwrt. lairsirai. 

On the other hand, the i»t-3\B ma-y Aao UfA, *» "■m'^'s^- 
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The flmicarpons pistil being composed of a nnmber 
iple {>i0LilB ffrown together, tne same parts must be 
I for in both the simple and compouna varieties. 
) dorsal suture is seen in both, but owing to position 
mtral suture cannot be so easily made out in the 
rpous pistil, as it, alons with the placenta, will 
Y the centre of the cylinder formed by the coherent 
$8. At the points where the carpels grow together, 

must be a certain degree of nattening to allow 
approximation, so that between the cells of adjacent 
m there will be a double partition formed oy the 
aed portions of the adjacent walls of the adjacent 

Fxe. 200. 




Trilocular ovnrj with oontral placenta. 

Is. These partitions are called dissepiments, and the 
es LOCVLi or loculaments. Such a compound ovary 
i to be MiJi;iiLOCULAR, and its placenta is said to l>e 

lAL. 

Bome cases the double partitions do not reach the 
3 of the ovary, but prqject only a small way from 
all, as the placenta does in a simple pistil. In 
an ovary there are no dissepiments, so that it is 
to be UNILOCULAR, and the placenta) are said to be 
fol. Though closely resembling the placenta in a 
e pistil, the same organ in such a pistil has a 
mi constitution, not being formed oi me m\iV3cni»^ 
of a §mgle carpellary leaf, as in ttie «im^\a wA 
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mtdtilocTilar ovaries, bnt bj tlie adjacent inttimed c 
of two coherent carpellary leaves. In this variet 

Fio. 201. 




Unilocular ovary with two parietal placenta. 

ovary the carpellary leaves mnst be looked npoi 
arranged in the manner described under the hea 

Fio. 202, 




Unilocular oyary mth.tYaee '9«in&\A^'{^aK«fi\is&. 
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1, as IndwpUcate, Between tbis kind of ovary 
former there is every intermediate variety, 
bain cases a different condition obtains ; here, as 
le ovary is unilocular, but it is supposed to be so 
sstruction of the dissepiments of a multilocular 
aving the placenta in the centre of the cavity 
unconnected with the sides of it at any part, 
ovary is said to be Uniloculab, with a free 
Placenta (Fig. 197). 

isepiments not formed by the inturned carpellary 
re said to be false or spurious. Accordingly, 
irtitions are horizontal instead of vertical, tney 
% general rule, be false, except in such cases as 

Fio. 203. 




)f Poppy, with numerous placente coTered with ovules. 



3ffranate, where a number of carpels are placed 

id instead of side by side. It also results from 

} in a simple ovary there can be no true dissepi- 

i that in a compound ovary their number should 

to the number of carpels. As examples of 

dissepiments there may be cited the transverse 

8, called Fhraomata, seen in the Cassia fistula, and 

ial one, which in this case is called a replum (Fig. 

1 in the fruit of the OrucifersB (Mustard family). 

VARY. — When composed of only one carpel, tne 

said to be simple; when of more than one, 

X Contrary to the general leaf type, tb^ q^i^tj 

7 mthout a atalk for its support. %\kft"a %^xSsL M 
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an organ is present, it is termed a Gynophoi 
ovary is said to be Stipitate (Fig. 150). The pog 
ovary with regard to the calyx is indicated bj 
SUPERIOR, when the calyx is quite distinct 
inserted below the ovary, and half superic 
INFERIOR when the adhesion extends half w 
ovary. The inferior condition of the ovaiy, ^ 
c6mpletely covered by the calyx, may be simnl 
the JRose, by the development of the receptj 
cavity, in wnich the carpels are contained. 

Fig. 204. 







Bicarpellaiy ovary of Crucifer with false dissepii 



% 



Placenta. — As already explained, the I 
nsuaUy looked upon as the intwrned and conj 
of ther carpella/ry leaf, as is evident enough in ; 
where the pistil is simple. Instead of being cc 
single spot, the placenta sometimes extendi 
whole inner surface of the carpellary leaf. 
Water Lily ; but this is unusual. Schleiden, 
and others, however, maintain that as the dev€ 
tuds on the edges of ordinary leaves is an al 
such a condition mast not be taken as the typ 
duction in all cases. They account for the pn 
ovules in the same way as ordinary budi 
deyeiopment from the ana, -^^siOa-^ike^ «Bi^ ia i 
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the placenta, and in the axils of bracts, which have 
mmea the shape of carpeUary leaves. 
Phis theory applies very well to cases of free central or 
He, but not so well to those of parietal placentation. 
the Primrose there is an axile placenta, which is never 
unected with the walls of the ovary ; such a condition 
best explained on Schleiden's theory. In many Caryo- 
lyllaceons plants, as the Lychnis, there is also a free 
mtral placenta, but at an early period the ovaries of 
168 e possess true dissepiments connecting the placenta 
ith tne walls of the ovary, and showing its parietal 

r Ordinary cases of parietal placentation are 
Mrdly accounted for on Schleiden's theory, bj sup- 
osing that the axis (secondary axis) divides mto a 
omber of branches, which pass along and adhere to the 
iges of the carpellary leaves or bracts, and bear ovules 
t certain intervals. 

Style. — The style usually rises from the top of the 
'Wy, but in some cases instead of doing so, it appears 



Fig. 205. 




Fig. 206. 




Fig. 207. 




vil or terminal style. 



Lateral stylo. 



Basilar style. 



(Originate from the side or even the base of the ovary, 
ben rising from the top, as in the Primrose, the style 
said to be apical or apicilak ; when from the side, as 
the Strawberry, lateral ; and when from the base, as 
the Lady's Mantle (Alchemilla), it is said to be 
8IUR, when several ovaries with lateral or basilar 
fles are so united, as in the Labiatye, that the com- 
wid style appears to be such a prolongatioTo. oi \Jc^^ 
leptscfcr as is seen in the Geranium, the styles ot^ wolvi. 

L 
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to be GYNOBASic. Occasionally, as in the Iris, i 
so far returns to the leaf type as to become fe^ 
its upper part. 

Fia. 208. 




Gynobasic style (Gaudichaudia). 

Stigma. — Terminating the style, which, ho^ 
not always present, is that portion of it called th< 

Fig. 209. 



Fig. 210. 




Capitate terminal stigma. 



^cWssa. q1 >Oafe ««&! 
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Some botanists look npon this organ as being tho con- 

tmnation of the placenta, but so modified as to produce 

no ovules. When the style is absent, the stigma is said 

to be SESSILE. It maj be simple or compound, and in the 

latter case distinct, when the stigmas of the different 

carpels do not unite, but confluent when they do, as in 

tlie Poppy. Stigmas may be either terminal when at 

the extremity of the style, or lateral when the two 

adjacent sides of that portion of the carpellary leaf which 

forms the style do not unite at their upper part. When 

the stigma forms a distinct swelling or head at the top of 

the style, it is said to be capitate. In the Grasses the 

stigmas are feathery or fenicillate, in the Gompositse 

they are lobbd, in the Poppy thej are radiate, m the 

I^minosae they are lateral, and in the Iridaceae they 

Me pbtaloid. 

officinal. 

Cncofr— the stiema and part of the style 

of Crocus Sativa (Saffron) A colouring agent, &c. 
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CHAPTER XI. 

THE FRurr. 

The next organ that shonld be described is the ovule, but 
as it will be more conveniently described along with the 
seed, and as the frait is mostly composed of the matured 
ovary, the latter will be described before the former. As 
a consequence of the fertilization of the ovules by the 
pollen, a series of changes is set up, ending in the 
conversion of the ovule into the seed, which, along with its 
covering, constitutes the fruit. As a rule, the outer organs 
of the flower fall off immediately after fecundation ; some- 
times, however, the calyx remains, and forms a part of 
the fruit. The style and stigma generally disappear 
also, but in some instances the style persists, and lonns 
what is called the beak or tail of the nruit. H the c^P- 
persist, it may either be in a loose condition, as in the 
Labiataa, where it is inferior, or being superior, may con- 
stitute one of the coverings of the fruit, as in the apph 
&c. Many fruits differ widely in character from the 
ovaries of which they are composed, and these changes 
may be brought about in various ways. First they may 
be effected by th^ suppression of loculi and ovuleSt as 
in the Birch, Oak, and Hazel, where the dissepiments 
and loculi are obliterated by pressure ; secondly, the fruit 
may be altered by the development of false dissepimeni^t 
as in the Datura, where an upright partition is develope4 
converting the two-celled ovary into a four-celled fruit 
In the third place, membranous ovaries may become 
succulent fruits, by the formation of pnlp from the 
placenta, &c., as in the Orange, and so on. 

Covering. — The case or covering of the fruit, howevet 
constituted, is termed the Pericarp. In consistence it 
varies greatly, but is generally said to be either DRY or 
SUCCULENT. In the Pea the pericarp is d/ry and wem- 
branous ; in the Cardamomum it is leathery ; in the Hazel 
it is woody ; while in the Gooseberry, Plum, &c., it iB 
succulent. When the pericarp is dry and membranooSt 
no distinct layers can \>e made out in it ; but in some o* 
the sacculent forms, tliree ^\imfc\. \a.^^^^ ^-kq. \sfc t»- 
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ThoB, in the Cherry (Fig. 211) tbere ia first of 
ikin, coneBponding with the epidurmiB on the 
-face of the leaf, and termed the Ep[cakf. Next 
e fleshy part, corresponding with the fleshy part 
.chjma of the leaf, and called the Mesocahi'. 
.his, and homologous with the epidermiH of the 
rface of the leaf, is the stone or Futahen, also 
he Endocabp, which encloses the seed. In the 
I albominoiiH seed itself conetitntes the stone. 

Fta. 211. 




Bection of a Drupe (Chenj). 



;bkcb. — As the grand end of the fruit is the pro- 
f the seed for the propagation of the species, all 
ges which take place in it have a view to the ulti- 
leflt of the seed. Accordingly some fruits, more 
y succulent ones, and those poBeessing a very hard 
. fall trom the plant without allowing the seed to 
Having thus fallen, their decomposition at once 
a soil favonrahle to future development of the 
Lie it o^ne np a ronte for the pasxage of the 
Snch Iruits are said to he indehiscent. When, 
ontrarj, the fruit hrealiS or opens up and allowi 
aed seeds to escape, it is said to be UEiiisCENt. 
ehisce in one or other of three modes : — 
hey may open longitudinally along the lines of 
^ural sntureB, and the parts fall away in the form 
s. This mode is termed Valvulab. 
Instead of opening longitudinally, a transverse 
J separate the upper from the lower part of the 
e former falling ofT like a lid, and leaving the 
icovered. This kind of dehiscence \B tetttt^\lftft 
lasiLB, or TjuJvsvEnsii. 
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3rd- In some iiiFtaiices tlie fnat opens by smaQ pom 
only, nhen the dehiscence is said to be Fokous. 

" " R Dehiscence. — When the Bntnres of afrnit 



open, they may do so the whole way down, or only p»- 
tially, as in many Caryophyllacecns plants (Pink, ae.), 
where they only open iir enoogh to form little prqjectiDiii 
like teeth. In tho«e eases where the satares open tte 
whole way down, it is evident there must be some diSe- 
rence between the traita which have septa and thoH 
which have not; in other words, between simple and 
compound frnits. 

ScTCRiL Deioscexcb. — When the fruit is compoasdot 
single carpels, these may open either by both dorsal tnd 
ventr^ sutures, as in the Pea ; by the dorsal sJone, bs in 
the JIagnolia ; or by the ventral sntare aloue, as in the 
Hellebore. All these, however, soeinf; that they dehiMB 
along their sntarea, famish examples of Sutubal Debis- 

When, again, dissepiments exist, the frnit may burst m 
one or other of three ways : — 
A. Septicidal Dehiscksck.— When the carpels whid 




Bepliridal Dehiicmce. 



constitute the Syncarpons pistil separate from each rfl^ 
so as to divide the septa into their component parte tt* 
deiiscencB is said to be Sav^icmu, {Si%. 212). 

B. LoCT7UCIDALDEmSCESC8..— ■WWa,a;?^iaa,?afia.«»P- 
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it« doTBol ■otnre, or that part which corrospondH 
1 cayitr or locnlaa in its interior, while the ad- 
wtfl of the difFeroat carpel« remain coherent, so 

Hipta are entim, the dehiHceace in Haid t« bo 
j>AL (Fig. 213). 

Fm. S13. 




Loculieidal DebiKeaeo. 

iPTiFRAOALDeuiacBBcit.— Wtonmaildition to thix 
' of the loculQfl, at the dorHEil HUturo of the car^iel, 
aaepiment is broken acrosH tranHvcnioly, leaving 
wnta BtandinR np in the centre of the ovarv, and 
Mparatod from its coimeiion with the wulU, tho 

Fio. 2U. 



Septifngal JJehiKvnoe. 



ace is said to bo Skptiphaoai. (Fig. 214), and thu 
D(c placenta is called tho c(ii.uhklla. 
9 are the tvpical moden ; bat under each head there 
ions modifications. 'ITiiig, in tho HiraliridoX fc-rai^ 
Tentw of a compound ovary xtwj \tQvSX ub %cfSc!^ 
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mella, as in the Ehododendron ; or the separated carpc^ 
may dehisce each in the manner of simple pistils, as in 
Colchicnm. In the Loculiddal form of dehiscence the 
projecting septa may either carry the placentas, as in the 
Iris ; or leave them behind, as in the Heath. In the 
Septifragal variety the carpels may split at their ventral, 
as well as at their dorsal sutnres, as in Datura. 

2. CiRCUMCissiLE Dehiscence takes place in mem- 
branous fruits such as Hyoscyamus (Fig. 215), or in 
woody fruits like Lecythis. As to the cause of this trans- 
verse division, some botanists look upon the carpellary 
leaves as being in such cases compound, like those of the 
Orange, and the blade as separatmg from its stalk at the 
terminal joint. Others think that the lower part of the 
ovary is formed of the developed receptacle, the upper 
and separating part, of the carpellary leaves. 

Fig. 215. 







Circumcissile Dehiscence — Pyxidium of Hyoscjamos 
with operculum removed. 

3. Porous Dehiscence, such as that seen in the Poppy» 
seems to be caused by the rupturing of thin spots in the 
walls of the ovary, from the distension or contraction of 
the neighbouring parts. 

Classification of Fruits. 

From the great variety of fruits known, some classifica' 
tion is absolutely necessary to their study, but up to tb® 
time of Professor Lindley little had been done in thi^ 
direction. Even now the arrangements usually adopted* 
are anything but satisfactory, although they nearly 9^ 
take Lmdley's classification as their basis. 

Fruits may, however, be arranged in two great di' 

visions — the one containing all fruits produced by a single 

Bower, the other those comprising the products of wof* 

^^n one flower. The fotmet xciab^Xi^ ^<&Ti.cyamLated simple* 
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.nd the Utter mcltiplb fruits. Of simple fruits, ngtiin, 
hera are two grand BubdiTisions, according to the nature 
if the pistil, whether APOCAHPors or stncasfous. These 
may in their turn be each subdivided into two other 
gioupe, the Apocarpous, into such as are composed of one 
carpel only, which might be denominated Simple Apocar- 
roTFB, aad thoBe composed of a number of distinct cnrpels, 
ifhidi might be called Comi'ousd Apocarpous. When, 
again, the fruit is tyncarpous, it may be either inferior or 
■UIESIOB., according ae the calys forms oneof the coverings 
o{ the fruit or not. 

A. Simple rHuirs. 
I. Simple ApocARPona FRUira. 
Tbeee are two in number — the Lbodhe and the 

IflMNTDM, 

1. The LseruE is a simple apocarpous fruit, dehiscini; 




frr both dorsal and ventral sutures (Fig, 216). Ex. the 
^ ic. Sometames it is twisted, as in. Medicago ; and 
" fflly be divided by transverse false disaepuneata qt 
f^mjiiHrio, aa in Cflssia fistula, Si.c. 
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2. The LoMENTCM differs from the Le^me, in 1 
moniliform cooetrictiooB and falae disaepimentB at 
vaU. Wben ripe, it nsaally breaks acroaa thea 
stricted spots, but tbe individual portions do not i 
dehiace. Ex. Aca,cia. 

B. ISiMFLE Afocirfous Fauits bouetiues Beh] 
The Utbicle. — This is a one-celied, one- or many-i 
frnit, having a loose membranons pericarp, som< 
dehiscing tranaverselj. Ez. Cbenopodinm. 

C. Simple ApociRPOus Fruits never Dehi 
Dkufe. — The drupe or stoke FRniT may he defined 
apocarpous, indehiacent, one-celled, one- or two- 
fruit, consisting of a fleshy sarcocarp and a stoDj eni 
or pataiiien. Ex. Cheriy and Peacn. 

n. CoMFoCND Afocarfods Fruits, 
A. Dehiscent, 1. Folliclb.— The Follicle differ 
the Legume in dehiscing by a single sntnre inab 




FoIUfIb of Sterculia dehiscing. 



by hoth, and in being produced in some nnm 
eaeh flower, but in no ot\iet respect (Fig. 217; 
SeUebore, Pseony, &c. 
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Dxmscmr. 1. AonEHi:.— The Aohene is a dry, 
ous, indehiicent fniit, having but one coll and one 
'.t oloselj reBemblesa seed in outward appearance; 
however, be dietinKQiBhed from a seed by being 
ly tlie remaina of the ttyie (Fig. 21S). Ei, Banun- 

Fia. 218. 



BoctioD of an Achono. 

cxRio. — The fmit known on the EtEorio ie of a 
lat varitid nature, bnt there are two chief Irinda 
niihable. ThuB— 

The fmit of the Strawberry is an Etrorio. It con- 
f an enlarged sncoalent receptacle, Bupporting a 

Via. 319. 




Slrawbony. 

r of a«henon, In this caHO the edible part is the 
Kle. the Hmall Hoed-liko bodies on its surface being 
» (Fig, 2111). In thu Uannncnka tbere in ^ke w.in% 
f ttracture, but tlio roooptaclo is not treiocvAeiA, 
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Snd. The Raapbeny is also called an Etteii 
edible part is composed, not of the receptacle, [ 
Strawberry, bnt of a Qomber of drnpes, imppor 
receptacle, fleshy but not snccnlent (Fig, 220). 




The CrSABBHODnM or Eose-hip. — This fruit 
an inverted Btsrio ; that ia, the snccaleut recej 
stead of bein^ elevated for the support of the a, 
hollowed out mto a cavity for their reception (Fi 




Bei^on of Cynanliodum or Bose-bip. 



I. SiNCiRPODS StiPERIOR PKriTS. 

A. In DEHISCENT. 
a. Pebicaep Dry. 
1. The Caryopsis closely resembles the Ach 
which it differs in being mmpoaod of 2, rarely 
iagtefiid of one only, ani in na.Vm.^ 'fl&e'^er«sK 
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ttiached inatead of being loose. It occurs in Grasses, as 
OatB,&c. 

2. The Sama&a or Key consists of two or more coherent 
achenes with winged margins, and is seen in the Ash, 
y Mm, &c. (Fig. 222). 

Fig. 222. 




Samara or Key (Ash). 

3. Caecerulus. — When, as in the Mallow, the axis is 
longed into a kind of carpophore, the individual car- 

S8) or achenes, situated round its base, often separate 
ni the axis at that point, but remain connected with it 
>t tte upper part. The separate carpels are termed cocci, 
Mid the whole collection of them a Cabcerulus. When 



Fio. 223. 




Pyxidium (Hyoscyamus). 

™e COCCI are dehiscent, the collection is sometimes tenned 

^« The Tryma is merely a compound drupe. Ex. Wal- 

^^ Sometimes the outer coat is fibrous, as m \ke> Cjocc^^- 
nvt 
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/S. Feucabf Sttccttlekt. 

1. NccuLAnuK or Uva.— This kind of fruit < 
an aatex Bkio, or pericarp, containing a nninLei 
enrronnded bj a piilp< ob in the Grape- It dil 
the Gftoeeberrj oalj in being Bupervtr instead o 

2. Hesfboidick or O&ujcb.— This does i 
verj materiallT from the Grape, save in the p« 
of the septa, from which the palp arises, and 

B. Dehiscknt. 

1. The Capsule is a tuperior one- or more-eel] 
seeded fmit, drj, and dehisciiig bj valves, as : 
cnm, or by pores, as in the Poj)py ; when i 
transverselji as in Hjoscyamns, it is called a 
(Fig. 223). 

2. The SlUQUA differs from the former in ool 

Fio. 234. 



only two carpels, with parietal placentffi. It '. 
septum, termed a repldm, Btretching acros 
these, and dehisces by Talves (Fig. 224). Whet 
broad, instead of long and narrow, it is termed i 
This pariet^ of fraib i& (oaa&. UnQ-o^^'^t the ( 
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II. Inferior Syncarpouh Fuuitr. 

A. Indeiiiscent. a. Dry. 

1. GiANS or Nut. — This is a dry, vnferior, one-celled, 
imgle*86edod fruit, the other cells being obliterated by 
vrenare. Usually it is situated in a whorl of bracts 
hrmmff a cupule. Ex. Acorn. 

2. The Cyphkla is an vnfmior achene, having the calyx 
ittaohed in the form of a I^appuh, seen in all Compositiu. 

3. The Cremocarp is an in/erior career ulus, consisting 
o( two carpels, known as Mericwrps. It is seen in the 
Umbellifera). Each mericurp is an inferior achene. 

j3. Succulent. 

The Bacca or Berry is an inferior nuculanium. Ex. 
Qoosebernr. 

2. The roMUM or Apple bears the same relation to the 
Baoca that the Orange (Hesperidium) does to the Grape 
(Koculanium), except that in it the endocarp forms a core 
more or less bony. Ex. Apple, Quince, Hawthorn, t&c. 

3. The Pepo differs from the Pomum in being one-celled 
And pulpy, and in having the rind thickened or hardened. 
£x. Gfourd and Cucumber. 

^ The Balaukta or P(jmkoranatk differs from all other 
Mts in having its carpels arranged in two stories, in- 
{>t9ad of side by side. In outward appearance it resem- 
wg the Orange, but is inferior, 

B. Dehiscent. 

The only fruit belonging to this group is the Diplo- 
T^lA, seen in the Oampanula ; it differs from the Capsule 
i& nothing save its inferior position. 

B. Multiple Fruits. 

Fruits formed by more than one flower are called An- 

^ocARpous, or Multiple. Of these, the most imjwrtant 
are— 

,1. The Cone.— This is an elongated multiple fruit, con- 
J^g of a number of hardened scales, each of which 
^8 one or more seeds in its axil. As to the nature of 
uiese scales, some botanists boliove that thev are bracts, 
U described under that head ; others, that tney are open 
c^)elB. Cones are the only fruit ]^r()duce(l by Tines and 
Ciyoads, which, on account of having their seeds naked, 
^ called Gymnosperms. 

^ Ihe Oalbulub diffora from the Cono in tt\ia.\>^i,'\i«ak% 
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more Tounded, and in having the eitremities of i 

eineat BcaJeB flattened like the head of a uai 
ypresB. In tbe Juniper the scales are flesbj. 
Yew the fmit is sing-le, and enclosed in acnp. 

3. Steobilus. — This differs from tbe Cone in 
its scales membranoas and its seeds enclosed in 
but ia no other renpect. Ex. the Hop. 

4. SoROSis is the ripened product ot a nnmber ol 



Snroria ot the Mulberry. 

aocloselj coherent as to appear but a single one(Fi 
Ei. Mnlberry, Breadfruit, Pineapple. 

5. The SvcoNVS is a ripened ccBnanlkhim,. E 
Dorstenia, &c. 

OFFICINAL PRUIT3. 
Cocculus— fruit of Ansmirta or Meni- 

Bpermuni CocculuB Irritant. 

Papayer— dried capBules (neorl)' ripe) of 

Pftpaver Bomnifenim SedstiTe. 

AuiBUtii Oort«i — rind of Oitrua Biga- 

radia (Bitter Orange) Aromatic snil Bloi 

Limonis Corteil i i- .l c ■, ffStimukntandCan 
Limonia Oleum >-*^(;:t_j. Limnouin 1 
Limonia Sueeoaj ■" ( Antiaoorbutic. 

Bela— balf ripe fruit (dried) of Aegle 

Marmalos Aatringent. 

Uva — ripe truit of Vitie Tmifera (Vine) Sweetening agent. 

Eute Oleuni--ii.tilled from the fre.hl stimulant and . 
leaiea and nnnpe frmt of finta> ZL^jr 
gTHTeoleoa... 



na — pulpo 
laiicdtu — ] 



of tlie fruit of Caaaia fistula Laiatin 



Sulp of Uie fruit of Tama- 
Lca Laxative. 

iVunum — dried fruit of Prunos Aum«v 
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Ume eanina — liipfl of B. canina {Dog 

Boee) Sweetening and Afltringont. 

rimentffi Oleum ( nia Pimenta j """"****"»'• 

iV)locTntliis— drieid decorticated fruit of 

CitrulluB Colocjnthis Purgative. 

Blaterium — deposit from the j uice of the 

^ fruit of Ecbalium Officinarum Hjdragog^e Purgative. 

haa Oleum— oil distilled from the fruit 

of Pimpinella AniHiini and Illicium 

Anisatum Stimulant and Carminative. 

FoBDioulum — ^fruit of Fceniculum dulce 

(Fennel) Stimulant and Carminative. 

Coriandrum f dried fruit of Corian- ) qx:^..i„„x «« j n-««,;«o*;^« 
Coriaadri Oleum [ drum sativum j Stimulant and Carmmative. 

Conii Fructus — fruit (ripe) of Conium 

maculatum (Hexnlock) act. prin. 

Conia Sedative. 

C3ttui /dried fruit of Carum ) «- .^„. „. „„^ p^,^- „. • .„ 
CaruiOleumi carui j Stunulant and Carmmative. 

Anethum f fruit of Anethum gra-1 c*;«.«i-.»«. -«j n— «*;««♦;». 

Anethi Oleum! veolens (Dill) ...5.... j Stimulant and Carminative. 

OliTs Oleums 

^ St >-^nf * 5°"" *^' ^7f?> °[1 Demulcent. 
^Mollis r Olea Europeae (Ohve) j ^"^""^ 

moerinum ) 

Kper— unripe berries of Piper nigrum Stimulant. 

^ Oleum {TSbeu'offiSii .f } Stimulant, &o. 

upQcuxn — fruit of Capsicum fastigiatum Stimulant. 

Jwtt— ripe fruit of Ficus carica (Fig)... Laxative. 

Vori Saccus — juice of the fruit of Morus 

nigra Kefrigerant. 

lopolos— dried strobile of Humulus 

lupulus (the Hop) Sedative and Tonic. 

Jttnipen Oleum— distilled from fruit of 

Joniperus commimis Stimulant and Diuretic. 

Btbtdillar-dried fruit of Asagrsea offici- 
nalis Irritant. 
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«hinmi Succus— juice of the fruit of 

Bhamnus catharticus Purgative. 

^Qeuna — hairs of the fruit of Mucuna 

-i^pmriens Anthelmintic. 

yyioinam — fruit of Cuminum C jminum Stimulant and Carminative . 

'*'»»— fruit of Laurus nobilis (Sweet 

^ Bav) Slightly Stimulant. 

•^Jper bngum — ^fruit (unripe) of Piper 

longum Stim\iiaiit. 

U 



I 
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CHAPTER Xn. 
MORPHOLOGY. 

THE OVULE. 

The only other orffan which has to be descri 
modified bud which, originating on the intum 
carpellary leaf, is termed an ovule. After 
and the formation of an embryo in its interior 
called a seed. 

When only one ovnle is seen in each ovai 
Ranunculus, it is said to be soUtat'y. Wh< 
more numerous, but still easily counted, t! 
definite, as in the Pea, &c. Whereas, wh( 
very numerous, as in the Poppy, they are 
inaefinite. 

To denote the position of the ovule in 
various terms are employed. If it appear i 

Fig. 226. 




Erect Ovules (Vine). 

the bottom of the ovary, and to stand upright, ii 
ERECT (Fig. 226). When it hangs from the su 
ovary it is said to be pendulous (Fig. 227). If 
rise from the side near the bottom, and to be 
wards, it is said to be ascending ; and if n 
and to hang downward, suspended. Shoul 
grow straight outward, it is said to be ho 
PELTATE, The term PeudulouB is often used fo 
and vice versa, so tliat tYiete \a CQii^v^weX^^ 
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plication ; a descriptioii of the state of matteni, 
6, rather than these technical terma, should be 
d in deacribiof; an OTnle. 

other buds, the ovale first appear as a small 
protuberattce from the placenta. I'his goes on 
ig till the original projection, termed the >■ ucleds, 
ated from the placenta by a. Blender cord-Uke 
lied from its analc^j to the navel-string in the 
Ihe UttBiucAL CoBj), the Funiculus, or Podo- 
When this is absent, the ovule is said to be 
Coincident with the growth of this body (the 
, two coverings for the ovule are gradually 
id from its base, where the faniculus joins it. 
at of jnnctiou is called the ruBiLiccs or uilvh. 

Fia. 227. 




PnidalaM OtuIm (Heraclcum birbatum). 

iCT of these two coverings appears first. In 
Lses, as in the Mietletoe, the nucleas is jiakfd; 
ithers, as the Walnnt, it has but one coat, called 

aUMBNTUM SIMPLEX. 

oner coat, or that which appears first, is called the 
(iBTUM imternom; the out«r, the istegumbnium 
in. Mirbel imagined that the outer coat wax 
eloped, and therefore called it the Phimine, and 
mal, as coming after it, the Secckdisk ; hut 
1 terms have been also employed with an opposite 
itioD, it is better to avoid their use altogether, 
of the coats completely covers the ovnle, so that 
space at the apex is left unprotecteA \a aXWw (S. 
'Mtioa of the pollen tube. Thie emeXl o-^-oSa^S* 
M 2 
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called the Miceopyle or Foramen, the opening in tli 
outer coat being called the Exostome, and that in tb 
inner coat the Endostome. This indicates the organi 
apex of the ovnle. 

Coincidentally with these changes on the ontrid 
of the nucleus or ovule proper, certain others tal 
place internally, fitting it for the production of an en 
bryo. The chief of these changes is the formation of 
cavity by the development of certain of its cells in 
peculiar manner. This cavity is termed tiie Ehbki 
Sac. 

Although the funiculus appears to join the ovnle t 
the hilum, it ma^ not join tne nucleus there, and th 
spot where this union takes place is called the GhalaZ' 
As the micropyle indicates the organic (we^ of the oynl 
so the chcdaza indicates its true hose. When the \aivi 

Fig. 228. 




Orthotropous Ovule and its coverings — ruptured to show 
the nucleus projecting at the micropyle. 

and the chalaza correspond, that is to say, when the baf 
of the ovule is directed toward the placenta and its apt 
away from it, the ovule is said to be orthotropoi 
(Fig. 228). 

Sometimes, however, the funiculus becomes attached i 
the covering of the ovule, and by its further growl 
elevates the base of the ovule so as to have the chalas 
directed away from, and the micropyle turned towar( 
the placenta. Such a condition is termed anatropoi 
(Fig. 229). In this case the hilum and micropyle w 
be close together, and the funiculus will form a cor 
like projection on the surface of the ovule, called tl 

RAPHE. 

In certain cases tlae ov\x\e\ifec,am^^ bent on itself in tl 
shape of a U, bringing t\ie ci\ia\."Ma. ^HA\>SL\i3si,^«^^\tf 
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Jorrespond, almost in contact with the micropyle. Such 
Ml ovule is said to be campylotiiopou& (Fig. 230). It is 
wen in the CrucifereB. 

A fourth condition, more rarely met with, consists of 
ui elongation of the funiculus, pushing up the chalaza 
uid down the micropyle, so as to make the long axis of 



Fio. 229. 




Fio. 230. 




^SfttropouB Ovule, showinfif micro- Campylotropous Ovulo. 

pyle and hilum adjacent. 

'^e ovule horizontal instead of vertical : this is termed 
^PHiTROPOUs, Hetbrotropous, or Hemianatropous. 
These terms must not be confounded with the terms 
^ictt &c., already explained, which refer to the position 
>f the ovule in the carpel, while the terms just explained 
iescribe the relations of the parts in the ovule to each 
ither. 



In describing tlie seed, exactly tlie same tenn« 
ployed as in tlie case of the ovule to indicate its j 
the ovary, &c. Like the ovule, also, it consists of 
and its coverings, but these coverings differ in « 
portant respects from the corresponding pari 
ovule. The funiculus and hilum have the some 
in both, and the terms orthotropous, ancUropoUi 
applied with a like signification to both. 

Though the coverings of the seed be two in 
these do not correspond with the two covering 
ovule, nor have they the same names. The oul 
ing of the seed is termed the Testa, Exople 
SPERM, or Spermoderm. The inner is called th< 
or Endopleura. The testa varies greatly in co 
being sometimes membranous, sometimes wo 
sometimes soft and pulpy. When dry, it oftei 
very beautiful markings, ridges in the Poppy, 
Stellaria, wings in the Pine, and hairs in th( 
plant. In Asclepias, the hairs are collected into 
at one end, forming what i^ called a coma. 
cases the testa consists of both the coverings of 
while the tegmen is formed from the substan 
nucleus, but their composition is by no means c( 



U 4^ #<■ •■ y-i rx r^ 4> V« ^\*^ j^ ^ lr% ^x ^m r% ^^««^ I ^% «• ^\ ^\ w 
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biyo sac is no longer seen, as the embryo haH 
is place, and a store of nourishment, conntitut- 
Albumen, has been denositod bosido the young 
This sabstance, called also the Pekihperm, or En- 
, must not be confounded with the chomical Hub- 
f the same name. Seeds which have an endo- 

Fio. 231. 




Seed uf Carcx. Tho embryo is at the bottom seod, 
the rest is albumen. 

ire said to be Albuminous (Fig. 231), thoHo which 
b are Bxalbuminous. As to the nature ot tlu* 
1, it is sometimes composed of starch, when it ih 
leal/y, as in Wheat. Sometimes it is JMul an iii 
bexry ; occasionally it swells up into a jolly when 
[mucilaginous), as in the Mallow ; and in some in- 

Fio. 232. 




lotion of R seed. The embryo surrounds the albumen. 

it is hard or horny, as in the Ivory-nut. When 
the tegmen pass through the albumen in various 
as, so as to give it a mottled appearance when cut, 
le Nutmeg, the albumen is said to\)oT3w\ii^v^hrt^\i» 
regard to the position of tho a\b\imoTv,\\. tsw^."^ ts^^i^BB 
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sarropnd tlie embryo — and to this the term Pek 
more strictly applicable— or be contained within 
it is called Endosperm, but both of these terms 
employed in a general sense. 



Fig. 233. 




Haricot Bean, showing radicle and two cotyledon 

Embryo. — Occupying the position of the embr 
the embryo itself, consisting of a plumule (I 
RADICLE, and one or more cotyledons. The r 
always turned to the micropyle, the phiwule ai 

Fig. 234. 




■fcnali 



Beanj with one cotyledon remored to show the plum 

In plants having an cxo^eiiwjL^ ^\»"nvRJw«^ i 
ly two seed-lo^a, ^\ieiic» >;JtL^ \fttm^\v 
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(^. 233). Plants having an endogenous structure have 
Wieonly, and are therefore called Monocotyledons. 

In many naked-seeded plants (Gymnosperms), such as the 
Kne, there appear to be several seed-lobes, whence thev 
JW called Polycotylbdons. Plants such as Ferns, which 
We no true seeds, and so no seed lobes, are called Aco- 

tUEOONS. 

With regard to the position of the embryo, it either occu- 
pies the centre of the kernel, when it is said to be axial, 
or it is out of it (ahaxial or eccentric). The embryo is 
tarioualy disposed in the seed — straight, cv/rved, Iwohed, 
^d, or folded. When folded, it must either be arranged 
•0 as to have the radicle folded over the back of the coty- 
Wonn (Incumbent), or lying along their edges (Accum- 
^bst). Examples of both occur m the CruciferoB. In 
Borne parasitic forms of plants, as the Dodder, the cotyle- 
dons are so small as to be undistinguishable. 



OPnCINAL SEEDS. 

Siupii— leedt of Sinapis alba and S. 
niffra (Mustard), contain Myrosine 
,iiui Myronic Acid Stimulant and Rubefacient. 



I«iFarinal^"i *^f„J^°^ ^^'^^^^ | Demulcent. 

AoTwiala f"®®^' °^ Amygdala) 

AinyjL» Oleumi S)T.....^ J ""''*' 

IfBx Vomica r*^" °? ^^'^chn^^^ . ,_ , , 

Strvehnm ] Vomica, yield Strych- ^Tomc and Stimulant. 



(. nine J 

Btramonii Semina — seeds of Datura 

Stramonium Sedatife and Antispasmodic. 

Jvn>tica Tgot from kernel of) 

ijTristicflB Adeps •< seed of Myristica > Stimulant and Aromatic. 

j^yristicaB Oleum ( officinalis J 

OleamCrotonis — got by expression from 

the seed of Croton Tiglium Purgative and Vesicant. 

fiidni Oleum— oil expressed f^om seeds 

of Hicinus communis Purgative. 

^^trdamomum— seeds of Elettaria Gar- 

damomum Stimulant and Carminative. 

Colchici Semina— seeds of Colchicum 

autnmnale Used in Gout. 

Jttiaa ) 

*8jd >trom$eedio£TnticvmY\x\gasQ Nutritive axi^l)eim\i\!C«ssi\i, 
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Hordeum — decorticated seeds of Hor- 

deum distichum Demulcent. 

Erg^ta — diseased grain of Secale cereale Stimulant to Uterus. 

Grossvpium — wool attached to seeds of) Used as a protecting 

Grossjpium herbaceum (Cotton) ... j &c. 



SEEDS FORMERLY OFFICINAL. 

Staphisagria-— fleeds of Delphinium Sta- 

phisagria Irritant. 

Cydonium— seeds of Cydonia vulgaris 

(Quince) Demulcent. 

Avena — decorticated seeds of Avena 

satitra Demulcent. 



SECTION II. 

MORPHOLOGY OF THE CRYPTOOAMIA. 

PTOGAMic plants are distinguished from Phanerogamic, 
> by the structure of their sexual organs, and the want 
owers ; and, secondly, by their reproductive bodies or 
«8 being entirely deficient of an embryo, and usually 
listiDg of simple cells merely. 

be Cryptogamia are subdivided into two great divi- 
8— viz., AcBOOENS and Thallogkns ; the former charac- 
led by the possession of a distinct stem and leaves, 
latter by having stem and leaves indistinguishable. 
Dng the Acrogens are included Ferns, Lycopodiacete, 
dsetacesB, Marsileacea}, Musci, Hcpaticaceas, and Cha- 
®. The Thallogens comprehend Fungi, Lichenes, and 

nother grouping, which is very useful as tending to 
igont important distinctions not otherwise recognised, 
8 follows — 

Vascular Cryptogams, including^ — 

Ferns, Equisetaceee, Ophioglossacew, Bhizocarpoffi or Marsi- 
leacesB, and Lyoopodiacead. 
Noa-vasoular Cryptograms, including — 

a. MusdnesB'-HepaticaB and Mosses. 

h. CharaoesB. 

e. ThaUophytos» Fungi, Lichens, and Alga). 

I. AcROGENi*). 

1. Filices or Ferns. 

•Baong ferns the leaves or fronds are usually greatly 
Jloped, the stems but slightly so, remaining under- 
ina, or on the surface, in the condition of a rhizome, 
only forming a true stem or caudex in a few arbores- 
forms, found in southern regions. The Bhizomes 
5r develope in a horizontal or a vertical direction, the 
ler give off their leaves singly at a greatot ot \ft^^ ^ii'^- 
f m>m each other, the latter in tu.£ta. TL\ve> W^^ft^ 
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condition depends on the non-development of intemo 
and is seen in the Lady fern, as well as in the treef 
(Fig. 235). The leaves or fronds of ferns are often ^ 
much cut up, and their vernation is circmcUe, Their V" 
tion is also peculiar, being what is called forked, an 
is usually in the forks of the veins that the froi 
seen. 

Fia. 236. 




Arboraceous or Tree Ferns. 

The Eeproductive organs are composed of cai 
termed sporangia (Fig. 236) which are situated o 
lower surface of the leaf, springing from the nervei 
usually situated close to the margin. They are u 
collected into groups called sori, which are either ; 
or covered with what is termed an indusium (Fig 
These sori may be so aWndanoi ble to destroy the 
leaving them in the form oi ^«i.m^<5i^ ot ^^^<is^. 



ORTPTOOAMIA. 
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onda. The sporangia are pedicelled, or sessile, and 
Uy surrounded by an elastic ring, on the characters 
hich the subdivision of the group partially depend. 



Fi0. 286. 



Fio. 237. 





Knrangium of a Fern. Portion of the frond of a male Fern, 

showing Sori and Indusium. 

'86 are as follows — 

^olgpodiaoecB, — These have a yertical incomplete ring. 

dyatluacecB. — Bing complete, oblique. 

RymenophyllaeecB. — Sporangia surrounded by a cup-shaped In- 
dusium ; annulus oblique or transverse, complete. 

CHeicheniaceoi. — Sporangia sessile ; annulus perfect, horizontal. 

BckizcMCtcB, — Sporan^ sessile ; annulus cap'like. 

OtmwidacecB. — King imperfect, reduced to a group of thick- 
walled cells. 

UaratUacecB. — ^These differ from the others in havini; the 
sporangia arranged like a several-celled capsule without 
nngs, each opening by a slit or pore. 

2. OphioglossacecB. 

phioglossacesB are separated from ferns by various 
•acters. Their fronds are very slow of growth, and 
3 DO circinate vernation. Their sporangia are ar- 
jed on a kind of scapef where they form a spike or 
me. The sporangia have no ring, and contain trian- 
it spores. 

3. Equiaetacece. 

le EquisetacesB, or Horsetails, are herbaceous plants 
illy found in marshy places. Tliey \iaN^ ^ ^^\«^ 
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jointed aobterranean rhizome from the npper anrfiwerf 
which nae peculiar hollow loint^d and striated atemi of 
a greyish ereen colour The leaves are represented bj 
leaf sheathe and whorle of small Bcalea at each jcint. 
The atemB are simple or compound the secoadary aw, 




)wme th( 



I, Upper part of Ihe frond, sbowine 
mnai, reuuLi^il. i, The loner part of tlie tim, 
otlets BpriDgin^ from the horizontal atflmi Of 
with the remuns of the old stalka; one in • 
oother joung one, ehowing the i 



I fertila p 



jrraDulea or aporoles, diachBT^ed froi 
by the eloBtic power of the uinuli, b| 



inule, detached, d, An 

■ptaclaa attached. <,11» 

i] two ronceptaclcfl bnnt 

^ , , being diacharged, J, A 

iCeptBcle detached before dehiscence, to show ila pedicle tai 

riiig. h, Ditto, in its nstural position. 

B. Poljpodium TDlgare. s, Two mature fronds aprinpng bun 
the creeping etipea ; also a joung frond, showingr the cirriM'* 
Temation. i, Fertile pinnule, detached, c, A pedided aonnltl' 
ccocepCacIe detached, d, A. group or Kinis of conceptadca, vithmd 
an/- ■ ■ 
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naent, being giveTi off in whorls at the jointtt. Id 
wdfis the compound atems are barren, while tho 
ones are fertile. When fertile the stem termi- 
n a clnb-Bhaped mass, compOHed of a abort axiu 
:iiig a multitude of ISpokangia. The sporan^a 
eaui mushroom -ah aped bodius. The Bporanpa, 
ripe, burst longitudinally and set free the spokes. 
ed to the spores are two short ertremely hjgro- 



FIO. 1 




', Unfa left bj tbe decajed frondi on ttm items of tree- 
fbrminir a ipurious bark, c, d, t,f, Tnmsreno loction of 
ana of Tuious fenu, to show the irregular diatribution of (he 
eioffibrn. 

filnmenta termed p.wters, which are aupiioaed to 
remaina of the wall of their mother cell. 
preceding groups are characteriaed by having only 
id of gpore, and by the formation of a I'jujtiiai.- 
n which are developed Antboridia and Archegonia. 



, the Pepperwort family, c 
plants growing in marshy places. 



of small herba- 
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slender, creeping rliizome. The fronds are circinate 
fruit consists of stalked, globnlar capsnles termed 
CARPS, rising from the bases of the leaves (Bhizocai 
These sporocarps contain spobangia as well as antl 
The sporangia emit a single spore. 

B. SalviniacB, 

These are aquatic and floating plants, with no tm 
Their fronds have their margins reflexed. Their f 
cation is inserted at the base of the fronds (Bhizoca: 
Their antheridia and sporangia are in distinct spor 

These two constitute the group Ehizocarpeaceaa. 

6. LycopodiacecB. 

The Lycopodiaceae have slender creeping stems, 
times branching in a bifurcating manner, and rool 
the bifurcations : their leaves are small and sessile, 
times whorled. The fruit is in the form of a coi 
the spores are contained in cases, seated in the a 
the leaves. In Lycopodium there appears to be oi 
kind of spore. In Selaginella the lowest sporange 
cone produces four la/rge spm-es. 

The IsoetesB are aquatic plants; their stem is 
corm, producing slender, erect cylindrical leaves, c< 
ing air, from a single bud on its upper surface, and 
tomous roots from its lower surface. The spoban< 
situated at the sheathing bases of the leaves. Those 
contain macrospores arise from the outer fronds, 
which contain microspores from those more interna 

The Marsileaceae and Lycopodiaceae are asso 
owing to their producing tipo kinds of spores: macro 
or large spores, and microspores or small spores. 

6. CharacecB, 

The CharacesB are cellular aquatic plants. Theii 
are tubular and jointed ; they have no true leaves 
branches are in whorls at the joints of the stem, 
antheridia and sporangia grow on branches, som 
on the same plaiit, Bometimea on different indiv 
^ Their antheridia coutaiiiTrfea.\dft^>^V«ii.^^^xai!^<^a3M 
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tabe* containing sperm&tosoiili. The Bporangia i 
oowned bj a 5-njed corona. The spore is Bolitai7. 




Iw«tM bOQitrii, the kko' quill- wort, a, Rutiie plant, lialf thp 
BitDnl DM. t, Tnnivtne lection nekr ths bu«a of tho Iortm. 
■bowise the encloHd orgam of fructiflostion. e. Front riov of 
(na of the aitensl Ihth, tbowing iti conoeptscla, d, Sido now 
titliosime. a, TnmaTene Hctiim of thoconoeptBole.gliowiDf^it* 
UuMcelli BUed witbgranuln. /, Tbe umo, thoip'Bnuloi hiiTmi; 
bMnmnoved. g, Longitudinal tcrction of ono of thsionoT om- 
iM.ihowing iti numerouioellB Hllsd with gnina. I, Ditto, 



gnlni rmnoTed. 1,<. Tho (^unaverj much magniilod. ^, 8«ctioci 
~'~ 'la^ (bowingiUlcDgtbaned celu. it, Another aectiOD uf tin' 
I, Cnticle of tba lower lurfiM of Uie leaf, wltb Uamatn. 



of 1 lea^ abowing it* IcDgtl 

«iM. I, CntioSof thelo... ._ 

a, Cutida of the upper lurfkce. 

7. Miuei, or Moeeet. 

Uoaies (Fig. 243) have limple filiform, or br&nchod 
■totu, the former erect, the latt«r croopinf;. Their Ua,^«K 
tnuaaiD, green, ceJInlar organs, with one oi\'4Io\kcu!C>i»| 



178 OUTUHES OF SLEHENTART BOTAMT. 

of elongated c«lle, resembling proeenchynia or v 
Boinetimes arranged in two rows. They are tai 
ir diaedons. The fmit is pTodnG«d eil 




1, Cbua vulgaris ; part of a plant to ebow tbe ims aod i 
branches, s, Snull portion at a joint, mBgnifled. to ihi 

b, b, Tlie nuculea in the uUlx of the abortive foliage! c, i 
portion still more enlar^, to show the spiral valveg OC tha i 
aad the cotuae of the currents in the tubea. u, Tnuura 
tin of a branph, ahowing the central tubular cavitT lb) ■ 
- ' ' Tbannels (a, af, in all of which the AuidanioTe. 
aanation. B, Portion of Nitella fleiilia. r, I 
re enlarged, to nhow tbe eimple tubulea. o, i 

^ . jwini; the course of the rotary circulation in a 

or tubule. H, I, LoDgituilinal unci traceierEe aectiom 
stem of Cham bia)iida. E, L, Gjrogonitee, or fossil nui 
Cban- M, Diesection of (he nucule of Chara, ahowjnE ^t 
dual formed of Bpiial laWea, saft ft«i\.. 
t-iUapiltilttam. n, OneotOie^tlinQ^^iAio 



pWtiOQ B 
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the attremity of tlie stem, as in the erect forms, or on 
laUnl ihcxits, as in those that creep. With the deve- 
jopment of the irnit a whorl of leaves termed periduBtium 
i) formed ronnd it. The Archegoninm or female organ 
of icMaes, after fertilization by an antherozoid, begins to 
J«dop, and a portion of it termed the nucleus gradually 
■Wi. In its growth this carries H,way a portion of the 
mnonnding organ before it which remains covering the 
tluck, and is called the cil¥pT!la. The portion left 
^tHaA closely encircles the stalk, or tela, of the sporange 




Poljlndinm. a, Fluit of P. pilirerum, ahowint; the thfca and 
operenliim. i, Point of le«f. c. Whole leaf nugnifled. d, Plmt 
»Uli esljptia. e, Caljptri of P. ooBiinune. / [Tm of tlie sRoie. 
Ij IMltD of P. uodulatuui. h. Mouth of the urn, ahoning the 
Poiriome. i, Caljptra of the aame. 

*W present, and is termed the vaoinblb. The part 
^thiu the calyptra swells and forms the theca ax ca^eule, 
^•rides its OuIot covering or calyptra, this theca usually 
**• a special lid, called an oraacuLUH, which falls off and 
*Uo»B the month of the theca to come into view. This 
*«ith is ott«n surronnded by a fringe of teeth called a 
j^UnoME. The sporangium contains a central celhilar 
'9^, or coiVMSLLi, the remaining spaice^iem^ ^^ke&.'K^ 
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The maleoTgaa,oiaalheridium,WAaomevihAtrt 
dongated bod;, hollow internallj, and containinflr i 
lags, togethei with » nmnbeT <tf odls (ZoorEHZCj), 



(/ Poljtnctuuii coTtred b; Caljpln. 

which contatUB a gpermaiozoid. It rnptnTea bj ac 
ing at the avez. SmroiindiiiK the antheridia tbt 
often a Dnmoer of Blender filiform bodies, tenned 
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PHT8BS, which ore probftbly abortiTe antheridia. The 
ipores of moMes are developed in the mother cells hyfoura. 
Bj some Sphagnum ie indnded among the true MoBsee, 
by others erected into a Beparate group, intermediate in 
imaracter between UosaeH and Hepaticta. 




AnOieridiuiii of a Mom- -cells nmtiUnuig ipenn&bu(nda. 



8. Eepaticaeem. 

There are two kinds of HepatdcacsB, which differ 
idel^ in form. The one form, repreaented bTJnn^er- 
mMiniam, cloaely reaembleH mosBee ; uteotlier,or Hepatic» 



widely in form. The one form, repreaented bTJnn^i 
mMiniam, cloaely reaembleH mosBee ; uteotlier,or Hepati< 
proper, has thalloid stems and leaves. The Jnngerman- 



niue have slender creeping atema, like branching u 
hnt with the leaves in two rows, bo that the stem . . . 
fl&tteued. The Hepaticm h ave fronds resembling a aort of 
thallas, instead of atemB and leaves. These are somewhat 
Uialoeone to the foliaceoun stem of the Duckweed. Their 
Mniai organa are Antqeridia, and Fistillisia or Aacu e- 
WNiA. The Antheridia are in the axils of the leaves in 
Jnn^rmannia, in the thickness of the frond in Biccia, 
and in stalked receptacles in Marchantia ; their structure 
IS analf^QS to that described in Mossea, 

In Jonfj^rmanniatB and Marchantiace the Arckegonia 
KK coatained in stalked receptacles, while in Bicciaee 
Uisj are imbedded in the frond. The sporangia contain 
^ colamdljs except in Anthoceros, bnt are accompanud 
"J iiATsas. In JUarchantia the arctiegoiuii ^in.^i4l 
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the sporangia spring are placed on the nnder nde d 
peculiar peltate receptacles. 

Hepatic89 may also be propagated like mosses by buds, 
which appear on the snriaces or margins of the fronds. 

n. Thallogens. 

Thallogens or Thallophytes are plants possessing no 
distinction of parts into stem and leaf, and having no 
true buds. Their structure is purely cellular, and their 
forms are only very imperfectly regular. 

1. lAchenes, 

The thallus of Lichens is either in the form of a crnst, 
or it is foliaceous. When crustaceous, it is closely 
adherent to its support, but when foliaceous it is more or 
less spreading. Lichens usually grow in exposed sitna- 
tions, and are never aquatic. The thallus is usually diy 
and coriaceous and consists of two distinct layers : a cor- 
tical one, of a greyish colour, and a looser central partf 
most of whose cells are colourless, but which also contains 
some green ones called Gtonidia. These gonidia a"* 
capable of reproducing the plant, like buds or layers 
vegetatively. 

The cortical layer is ordinarily composed of colourless 
cells of varying tnickness. 

Beneath this lies a layer of bright green grannlai 
bodies ; these are the Go7Mia, and they do not occur ui 
Fungi. 

The next or medullary layer may be felted or ceUulaJ. 

The lowest layer, also called hypothallus, is dark io 
colour and covered with root-like hairs. 

Simpler forms of structure are however seen in the 
group. 

The proper reproductive organs of Lichens are of two 
kinds. One kind, the Spermogones, are small cou* 
ceptacles embedded in the frond, and opening on thfi 
surface by pores. These contain simple or jointed 
bodies which produce fine acicular filaments called 8p^' 
matia. These are supposed to be the male fertiliiiDK 
element. They are not endowed with motion. 

The other kind supposed to be female organs are twm®^ 
Apothecia,, and are situated, on \5afe «\rAa«ife ^x tsmwsbsl^ot 
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are embedded in the BnbBtance of the thallus. They are 
Kurely of the same colour as the thallus. The apothecia 
are composed of sporangia or thoceo containing spores. 

Fxch. 246. 




Apothecium of Lichon — yertical leotion. 

•^686 tHecae again are surrounded by club-like filaments 
^PO/raphyaes. Each sporanp^e contains many spores. 

Some hold the belief that lichens as a proper group djo 
iiot exist. Thej thiuk they consist of groups of Alga) 
'^flich are held captive in a meshwork oy an Ascomy- 
cetotia Fungus. See Sach's Text-book of Botany. 

2. Fungu 

h. tHis group the sexual and vegetative organs are so 
Jfuch mixed up that they require to be described together, 
^be TiiALi.us or Mycelium, is similar in all fungi, and 
^sists of branched tubular filaments, which contain no 
flouring matter. This is mostly subterranean, and its 
^ments may be isolated or form a web-like structure. 
JWgi vary excessively in size, duration, and texture. 
THey have no organs comparable to leaves or flowers, 
-^y are most abundant in decaying organic matters, or 
*« parasites on living beings. They contain no chloro- 
phyll or starch, and their constituents are highly nitro- 
geaized. 

In moulds and mildews there is a branching mycelium, 
i^om which rise slender filaments terminated by tufts of 
^ftrions coloured spores, free or contained in sacs. These 
&fe termed Hyfiiomycetous fungi. In some fungi there 
<^nates from their spawn or mycelium a sort of fleshy 
"ttau!, termed a receftacle or STao^^, m 'w\!a(i\L OaaHsiiaw^^ 
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termed Pebithecia are produced. These cavities contaia 
spores, supported on filaments (Sttlo-spobes), or tubular 
sacs termed Asci or THECiB with spores in them. This 
group of fungi is called Pykenomycetes. In others (Disco- 
MYCETEs), the stroma supports organs like the Apothecia of 
Lichens (Fig. 246), on which stylo-spores and asci are. 
placed. 

In mushrooms (Hymenomy^cetes), a distinct organ, 

which is merely the fleshy fruit, is supported on a stalk 

which rises from the mycelium. At first this is contauied 

'In a sort of case, called a Yolva, which is ruptured by the 

Fig. 247. 




Vertical section of Mushroom, my. Mvcelium; vol, Volya; 
sti^. S^pe; cor. Annulus; la, Laminffi (Hjmemum); ch. Pileiis. 



development of the Mushroom. The broad, flat portion 
which rises from the volva is called the Pileus, and on its 
under surface are arranged the Lamell-®, or Gilijs. The 
Gills are vertical plates, radiating from the centre to the 
circumference of the pileus, and, taken collectively, are 
termed the Hymenixjm. Originally this part of the 
Mushroom is concealed by a sort of covering or indusium, 
part of which remains permanently attached to the stalk 
(Stipe), under the name of the Annulus. Projecting 
from the sides of the lamelAse ate ^i^ie ^^T^a^^soL-^-^t^ft^Qtt 



i 
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Xttfe rtftlka or Bastdia, and hence tormctl nAdtDio-nniBKii. 
1a Mme tnashroomt no gills oocnr, other fonuH uf lunintu 




Motion of k portion of 4 Ltmrllii of > Muahronm. 
Cj(tidi4 or Thion; ia: liMidiij ipo. Uuiilio aiiurvi. 
" off ibOTB the m4in ISguco. 



or proceaieB taking their pkco. Tn Tczim and olhert 
the stallcB anpport not liogle boHiilio-Hjioreii, but unci, u 



£;« 




**■<■ coDtoinitig foor or oiaht npoi 
"WI* or ToMCA-ewjuu) (Kig. '2w). 



iroK, honco collul Ajku- 
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In puff balls, &c. (Gastbromycetous Fuhc 
leathery coat or Pebidium contains when young, 
voluted lamina on which basidio-spores are dev 
after a time, however, this lamina decays, so t 
spores are set at liberty in the interior of the b 
the Truffle family the laminaB are also irregular 
voluted, but are not contained in a peridium, a 
duce ascO'Spores instead of basidio-spores. 

Of the sperm atia of fungi little is Itnown. 

3. AlgcB, 

This group includes all the lowest vegetabl 
though mostly marine, some are found in fresh ' 
damp places, and many are microscopical. It wil] 
to describe each division of the group separately. 

A. Chlorospermeae, Confervoideae, or Green 
In their simplest condition these plants are mere' 

Fig. 250. 




Zoospore with (c) Cilia (Cbffitophora). 



cells which have all the powers of nutrition, r 
tion by division, &c. The Diatomaceae are reii 
for the quantity of silex they contain in their c< 
A somewhat higher condition is as cells arra 
elongated filaments, which grow either at their er 
or by the division of cells nearer the centre, 
these conjugation is often seen to take place. Otl: 
Zoospores (Fig. 250) or Gonidia, which are m( 
contents of a cell without the cellulose coat and f 
with cilia. Some have two kinds of spores, Macb 
and MiCROGONiDiA, the latter being looked upon 
jnatozoids by some. The Ulvae are broad as wel 
and are mostly green. 
B, B^hodospermesB, "E\ot\^<&», at ^^\ fe^jgs 
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iiy oonndeTBiblj ■■ to form, Bome bcini; branched and 
tUmentiKU, others even ihmb-like, and thuir conMHtcnce 
nnMfnm the membmnoiiB condition tii the Htony hard- 
Wi (owing to the carbonata of lime thuy contoia) of the 
OanUinM. Their ooIohtb are vary varioiiH, but never 
~' They are reprodaced by Ejporoti, Antheridia, and 



pMii. Tb^ 
Irtruporee. 



Tbt Antheridia vary in ebajie, and conHiHt of a nnmlier 
ti mIU, each of which contoinu a npurniutoxoid. Tlie 
Sponi are either uncovered or in (i]>w:ia] nui;* or ena- 
ti/laelet, termed faxAlm, eeraimdi'i-, or aieentVa, and 
flnnrt oF two gulaunouH coatH onclniiing a grunular mans. 
^tTntASFOKEfl are naked and iHoluteil, or gathomd into 
■napi on the surface of the frond, or contained in 
ftfibet Ol^lfld Ocmefptacht or Btlckidia A lar^u ijaront 
Odl (nauFUiiE) eucloBOH four i' triUiim-im which uru 
■tppOMd to be analogouH to ijonulia ZooHporoH have 
Mbeni found in this divimon 

C, Helanosperraeo) lucacoin or Ohvo Roawoi cIr Diu 
^paarance of them wtawoLdu rangua betwtHiu suiull 




(, CiniccpMiili: 

■lifted fllamenta and enormous Htulks ending in a 
'■tnohed thallns. I'he higher fomiH have a shnibby 
f^Mtranoe, a distinot epidermal layer, und a kind of 
Jot, IWr colour is ohuiJIv olive, never bright gruen, 
^MiporM are produced in OoriurTaniiin, pluood at the 



ijats or ends oi the frond, or in uach cull of a Glamontoutt 
J»dy termed a trinlumwiranifium. I'ho S\)U"ciift a; 
itnued is mm caUed Periaiiorai, Thuwi a\»i&Tt^M. 
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perispores occur either scattered, or in groups (Sobi) 
the surface of the frond, or in cavities (Conce^iadei 
Scwphidia) which communicate with the sur&ce b 
pore. The conceptacles (Fig. 252) may be collected i 
club-shaped masses or receptacles at the edges of 
frond. The Antheridia are ovoid sacs containing 

FiGh. 252. 




Conceptacle of Fuous vesiculosus. p. Pmspores. 

o. Orifice. 

ciliated Spermatozoida, and occur on slender filamenti 
the same or other conceptacles as the spores, on the sa 
or other plants. When on the same plant with the spo: 
the plants are said to be MonoRcious ; on differe 
Di^cecious; in the same conceptacles with the spoi 
Herma'phrodUe. The slender filaments without anti 
ridia are called Paraphyses, 



%* Only tlie merest sketcli is here given of, perhaps, 
be most interesting division of Botany. Anything more 
voold be out of place in a work intended for beginners. 
[Nevertheless, all true lovers of the science of plants are 
ibonglj urged to proceed to the study of the Crypto- 
gtmifr— on unfailing source of instruction and amuse- 
veut. 



PART II. 



SECTION I. 



PHYSIOLOGICAL ANATOMY, OR VEQETA 

HISTOLOGY. 



As living beings, plants have functions to pet 
the instruments by which they perform these 
ORGANS. Beings possessing organs are said i 
OANizED. In the lowest forms of animal and 
life, no special organs are set apart for special : 
but all parts are alike capable of performing 
tion, be it nutrition, be it reproduction. In tl 
forms, however, such specialization does take ] 
is often indicated by some peculiarity of structu 
panying the speciality of function. The dist 
the parts of plants into roots, stems, Jeaves, & 
parent to all, but to the anatomist each of tl 
presents varieties of structure pecuhar to itself 
theless, in the midst of this apparent complexity 
really simplicity, for each and all of these parts 
can be reduced to one ultimate organic element 
to all, and that element is the Cell. 
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CHAPTER L 

THE CELL. 

, easy to define a cell, more especially as yery dif- 
eas bayo become of late years associated witn the 
)m those which used to be attached to it. In 
table cell, the external portion of the c(;ll, then 
ly called the cell waU, was long looked upon as 
: greatest importance. Now we look to the cell 
or protoplasm as bein^ much the more important 
;wo. In animal physiology a cell wall, like that 
egetable cell, is not usually found, and then we 
f a small muss of protoplasm^ with or without a 
as a cell. In reality the same is the condition in 
liest stage of yegetable cells, so that both in 
and yegetables we may look on a mass of pro- 
of larger or smaller size, as the earliest example 
11, and we mi^ht roughly define a cell as the 
\ pwrticle of Uwng vaatter which can mai/ntain an 
uent existence. Tliis ma^ be soUd, though later 
lonly assumes the form ot a vesicle. 
)eaking of animal and yegetable protoplasm it is 
rjto understand that we do not thereby imply 
ntUy of the two, but merely^ their si/milaritif as 
many properties and functions. Vegetable pro- 
i cannot be conyerted into animal protoplasm 
r the process of digestion as carried on in certain 
animals. But in all instances protoplasm is a 
nous compound whether found in plants or 
I. 

he earliest stage then, as in mature plants when 
onsist of a single cell, the cell is made up of these 
rts : — 1st, an external coat more or less defined — 
le cell wallf composed of a substance termed ceUu^ 
2. The albuminous matter already described and 
proUmlasm. The outer portion ot the protoplasm 
1 to the cell wall seems denser than the rest, and 
iffices to giye it a certain shape, when set free from 
wtraint presented by surrounding \x>d\ev^. 'Y^cva 
I of the protoplasm i» sometiniea spoken ol qa ^ V^^ 



192 OCTLUTES or ELEHENTART BOTAXT. 

third layer or cell conafitnent, and termed the prima 
uirioh or vesicle. 

In all cell strnctttres, aave the very loweBt, there ii i 
found a. portion of the protoplaam more or leM roni 
in form, and occupying various positions ia the oeU w 
seema to be endowed with specuil propertieB. Thisi 
the nucleus. Besides these ibnr cell con^titoentB tha 
Fid. 263. 



in aU growing cella a very rarying qnantity of fl 
termed (5) the cell sap. Thia is either diSuasd Oav 
the protoplasm, or occupies cavities (Vaeaolet] in 
around it. In older calls the protoplaam may Miti) 
disappear, leaving the cell walls as mere skeletons. 11 
cella are to all intents and purposes dead. It k 
protoplasm which is the trne Eving cell, and ont of wl 
the cell wall is formed. 

The Origin of Cells. 
It may be broadly stated that at the present men 
the general belief is that all ceUs originate from ; 
eidsting cells. It is atUl a question what is the sinli 
portion of proteplasmic matter which ia capabls 
fulfilling all the functions of life, and which may t 
give rifle to a new cell or series of cells. Thia f 
that namely which upholds the doctrine that an 
ceedingly small portion of protoplasmic matter m>; 
capable of a separate exiatence, and be the starting p 
of a new series of living cells, docs away with Die 
ceeaity of discassing the notions of Schleiden and 
earlier botanists as to ftie oii^ of cells in gian 
gradaeHj coming togat^iet, s.ti4. w> ^c«Tfi%\n.\n i 
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The origin of cells and living beings by what is called 
spontaneous generation is too doubtiul to be discussed in 
a work of the present scope. 

^ Taking it for granted tnen that cells do only originate 
ia preexisting cells they la&j do so in various ways. 

1. The whole protoplasmic contents of a cell may 
Mcape from its cellulose envelope, and pass from the 
wsting to the active condition. This body after a time 
becomes fixed and gives rise to a new individual. This 
mode of origin may be seen in the spores of manv Alga9, 
Clidogoniam for example. Here there is neither increase 
Apr aecrease in number, but the conversion of one indi- 
vidual into another, a rejuvenescence or redintegration, 
wliat might be called a renewal of the life of the cell, 

^ In the second mode of cell formation we have two 

cells uniting together to form a new one. This mode of 

<>rigin, which may be considered the simplest example of 

& essential process in sexual reproduction, is also most 

<^mon among Algoe, the best example being probably 

^oond in Spirogyra. Here we find that the cell protoplasm 

Hid the cell wall both undergo change. The cell walls of 

i^jaoent filaments form protuberances which grow till 

ttey meet. The protoplasm re-forms itself, becomes more 

flondenBed, and assumes an ellipsoidal appearance. A com- 

%iuuoation is formed between the two neighbouring pro- 

Uwrances, and the protoplasm of one cell passes through 

to imite itself with the protoplasm of the other. The 

iiew protoplasmic mass is not larger than either of the 

originals. For a time this rests and then begins to ^row, 

developing a new series of cells. This process, which is 

Called conjugaiionj only differs from sexual reproduction 

in as far as either cell may unite with the other. Both are 

morphologically and apparently functionally alike. In 

many of the Cryptogams the same kind of process is seen, 

oxJythe male and female elements are more decidedly 

diirorentiated. The male element takes the shape of a 

mobile filament, and unites with the female element to 

give rise to a cell, the germ of a new plant. 

8. A third mode of cell formation is seen in Feziza. 
Here the protoplasm of the cell originally quite fills it, 
and is supplied with a nucleus. This nucleus disappears, 
its substance becoming difiused in the protoplasm. 
After certain changes a part of this protoplasm becomeck 
differentiatodr and certain new cell areas \>ecoiCL^ th'^Y^^ 

o 
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out in the protoplasm, leaving a portion of it nncliaiigei 
Each of these new bodies iStimately developes into » 
spore, but a certain amount of the protoplasm of thd 
mother cell is always left unchanged to survive for a 
longer or shorter period. In this process of cell fonna* 
tion the centres of the daughter ceUs may or may not 1)6 
indicated by the previous formation of nuclei S&n 
several cells are formed at the expense of one, avd ^ 
whole protoplasm of the mother cell is not exhausted in 
the process, 

4. The fourth mode of cell formation differs from tlw 
last only in this — that the whole of the suhstam^e of th* 
mother cell is used up in the process of new cell devdfllh 
ment. This is the most common, and consequently tw 
most important mode of cell formation. Here, if the mother 
cell possesses a nucleus, this becomes dissolved and dif- 
fused in the cell protoplasm, as many nuclei being sabsa* 
queutly formed as there are to be daughter cells. Or tii0 
nucleus of the mother cell divides into two parts whidi 
separate, each being surrounded by the portion of proto- 
plasm which is to form its cell territory. 

In certain forms of this process there is no great dif- 
ference between it and that described as the renewal of the 
cell (1), save that in all cases there is a distinct increase 
of the members of the family, each mother cell giving riflO 
to at least two or more, probably four, dau^ter cella. 
These whilst yet in the interior of the mother cell become 
condensed and assume a distinctly spherical form, sepa- 
rating from the walls of the mother cell so as to be easily 
and distinctly recognizable. But there are two kinds or 
modes of this manner of cell organization. In the one (o) 
there is no formation of a cellulose coat within the mother 
cell, in the other (h) this ^oes on pari 'passu with the diviflioa 
of the protoplasm as in the growth of pollen in Dicotf* 
ledons. The distinction between the two may be readily 
made out by the use of tincture of iodine. The alcohol 
causes the protoplasm to contract, whilst the iodine 
colours it, leaving the cellulose coat where it exists free and 
uncontracted. 

Throughout the whole of these processes the behavionr 

of the nucleus is as yet not settled. It has been described 

above as sometimes disappearing or being absorbed in the 

substance of the protoplaam of the mother cell, sooner 

or Jater new nuclei appftaxvxi^ Ssi VJoLfc ^o:Nr\&\srQ& of the 



THE CELL. 195 

epktm of the mother cell which are to constitute the 
Knot of the daughter cells. But in some inetances 
nocleas certainlj aeems to divide, and the new 
noiu to Beparate. Possibly this ma; be the case in 
autoes. 

Tex Gbowth op tee Cell. 

Vom the time of the formation of a new cell area the 
Tidnslitj of the cell may be said to commence, and 
n Qaa period to its matnrity the growth of the cell is 
tinaons. The protoplasmic substance takes to itself 
' msterial and converts it into part and parcel of its 
1 body, and in almost eveiy instance it secretes, or con- 
ta a portion of itself into, a totally new material— 
uly, etHluloge, which constitutes the outer coat or 
uing of the cell. Daring the process of growth the 
wnunonly nndergoes important changes in «}iape as 
1 U vn tize. These may be dne either — 

(a) To natural tendencieg of the cell ; or 

(b) To pretsvre from surrounding objecla. 

unonlT, to begin with, cells are more or less distinctlj 
uded, but in me course of theii sabsei^uent develop- 




CjlindricBl cella (Lil;). 

tthpy may become elongated, so as to asanme a fill- 
1, fibrona or thread-like, bag- like, cylindrical (Pig. 254), 
ranched appearance. Or, again, they may become 
ind titular as in epidermal tissue. 
mtwre also exerts an important iTiflneace diet ^,\ift 
•e of eella. This is perhaps beat aeea ■w\iftt -mainq 
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yonng and fast growing cella are confined witldn a limited 
area. Under such circumstanced their mutual pressun 
ffives each cell a polyhedral form, which may, however 
disappear, and the spnerical shape be resumed, should tb( 
Youn^ and unhardened cells escape from their confinement 
This is frequently seen in the course of reproduction ii 
the AlgsB. But no such escape may take place, and sc 
the cells may permanently assume a pohfked/ral outline 
or, if they are also of the elongated form, may becofW 
more or less pHamatic, A somewhat peculiar modificatkn 
of cell growth is seen in the loose parts of many plantt 
Here the cells are often of a stellate or star shape (Fig. 255) 
As the cell grows the protoplasm usually, up to a oer 
tain time, increases. With this there is too in wsiA 
cases a large increase of the cell sap. After a time, bov* 
ever, the protoplasm ceases to increase, and may ahzuiii 

Fig. 265. 




Stellate cells (Lily). 

or altogether disappear. The cellulose coat seldom in* 
creases equally in its thickness, so that in some places U 
remains quite thin, whilst in others it forms protuberanoft 
of various shapes and kinds. This fact is also to be bonu 
in mind, that the tendencies and characters of the variotu 
cell constituents, especially of the cell wall and proto 
plasm, are widely different, and must be considered aparl 
The variations in the size of cells are very great, some 
times they are very minute, as the spores of some ftmj 
which are yo*bo^^ ^^ t^o^ ^^ ^^ ^^-^ ^^ diameter. In th 
pulp of some succulent fruits, again, they -are, compan 
tively speaking, very large, as in the case of the Lemoi 
whose pulp cells measure the yoo^^ of an inch, which is alfi 
about the size of the pith cells of the Elder. Sometim« 
cella attain enormous lengths, as in the fibres of cottoi 
wiuch are single cellB, an^ xcia.^ tda^^qx^ \7rq or thn 
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Inolies in lenffth, and in the pollen tubes of some flowers, 
wliich are stul longer. The ayerago diameter of parenchy- 
matouB cells is about ^^th or -^th of an incb. 

A. The Cell Wall. 

^ The mode of origin of the cell wall is obscure. That it 
is formed from tbe protoplasm is clear, but how it is so 
fomed is not so manifest. But inasmuch as the proto- 
plasm, after the formation of the cell wall, may be readily 
Btftde to contract, and cleanly leave tho cell wall, by alco- 
hilio solution of iodine, it would seem that it is formed 
W a process of secretion rather than by the conversion 
w a portion of the protoplasm itself into the substance 
of the cell wall. The materials of which tho cell wall is 
composed, however, that is, cellulose and certain mineral 
oon«titnents represented by the ash of plants, must be 
contained originally in the protoplasm. At all events, the 
fifowth of cellulose, whatever may be the case with 
% mineral matter, is dependent on immediate contact 
with the protoplasm. Wnen protoplasm disappears cel- 
lulose ceases to be formed. 

The cell wall grows in two ways, in superficial a/rea 
•ad w thichness. The former process, whicn corresponds 
^ the period when the cell is undergoing enlargement, 
and which consecjuentlv usually comes first in order, is 
due to the deposition of new particles of matter between 
those already laid down, and which form the existing cell 
Wall. If the cell has a tendency to grow in one special 
direction the new material may be laid down mainly at one 
point. In tibe thickening of tno cell wall it is only neces- 
SMT to lay down layer after layer without interfering 
witn those already deposited, though in these also changes 
may occur. 

By variations in the surface growth arise peculiarities 
as to the shape of the cell, whilst irregularities in thick- 
ness give rise to sv/rf ace markings ^ either external or inter- 
nal. These surface markings are often important. Ex- 
ternally they commonly assume the appearance of hnohs, 
tpinee, or waHs, or if arranged in bands, ridges, combs, 
and 80 on. The internal thickenings are more important. 
It comparatively seldom happens that tho thickening of 
the cell wall is uniform. Sometimes onl^Ta* few spots are 
left uncovered during the proce&B, dsA Wi^ ^€^ ^<(:iQ^^ 



I 



198 OUTLINES OF ELBHENTABT BOTANY. 

a dotted or pitted appearance (Fig. 256). Or, again, tiid 
thickening deposits may form rings or bands, giving rifle 
to annular and spiral cells, or even to a kind of IMcB' 
worle arrangement by the branching of these (Kgs. 257 
and 258). 

If these thickenings be very strong, and the intervening 
cell wall thin, the ceS wall may give way entirely, andthfl 

Fig. 256. 




Potted cells. 

thickenings be set at liberty as single rings, or as wbit 
are sometimes called uritwisted spvral vessels (Fig. 265). 
When the thickening of the cell wall is very marked, ^ 
spaces uncovered by the additions to the thickness of the 
cell may be so deep as to resemble channels in the tluck- 
ness of the wall of the cell, closed externally by the origi' 
nal cell wall. By shrinking this outer covering too iob>J 

Fig. 267. Fio. 258. 





Anmilar cell (Mistletoe). Spiral cell (Orclud). 

disappear, and so a direct communication between the 
outside and the interior of the cell is sometimes opened. 
These so-called pits in cell walls tend on the whole to a 
spiral arrangement, but several important deviations from 
ttiis rule occur. Occasionally these pits occur in a gronp» 
the group being suxxouiidft^ "^o^ ^ ^^eaa^ T\S%'i q£ Tinifonft 
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rhis gives rise to an arrangement like a sioye, 
such cells are named sieve cells, 
eviation from the broad rule as to the arrange- 
is to be seen in the Pine family. There, when 
ng process begins, comparatively largo areas 
)vered, but as the process advances, the new 
le more and more extensive, so that the newer 
irch the older at the points originally left 
This may go on till only a minute channel is 
3d in the thickness of the cell wall. Looking 
such a thickened cell, the ap- 
a double or even triple circular Fio. 269. 
y be presented. The outer and 
t will indicate the orij^nal un- 
rea of the cell wall ; the central 
the circumference of the channel 
us permanently in the cell wall ; 
cumference is greater at one end 
ler two circles may be then pro- 
li a process always goes on in two 
Is at points exactly opposite each 
at wnen the original cell walls 
I — as they often do — a small 
ivity is formed communicating 
-h the interior of either cell. 
r of cell is known as the hov' 
1 (Fig. 259). 

yet another variety of cell wall 
IS seen. Here the thickening Coniferous 
laid down in transverse bars Woody Fibre, 
perpendicular lines at the angles 
thus giving them a ladder-Tike appearance, 
are consequently termed Scalartform, or 
3ells ; these too may present the bordered 



u 



lels just described as sometimes existing in 
IS of the cell wall often present a brandied 
;, the apparent branches oeing directed out- 
klly, this indicates the coalescence of several 
one. 

urse of the growth of the cell wall a certain 
i of its particles becomes visible. The simplest 
Stratijication, whereby the thickness oi the 
ims to he made up o£ a CQi\>^m xixra^^x ^i^ 
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concentric layers denser and less denser. Certain lines j 
become visible on the surface of the cell, nsnally rmud 
vertically or obliquely. Such markings are called Stf 
tions. 

Two lines of striation always cnt each other at an anj 
so that the lines of stratification and striation may 
considered as analogous to the cleavage of a crystal 
three directions. 

In the older cells certain peculiar chanffes are effed 
in the cell wall, whereby it is converted into a coi 
substance, as in many epidermal cells ; into woodf as 
ordinary woody cells ; or it may be into a mucilagint 
substance capable of swelling greatly by the imbibition 
water, as is well seen in jQgsd, This is altogrether : 
dependent of the deposit of earthy salts, or of sihca, in 1 
substance of the ceU wall. 

B. Cell Contents. 
a. Protoplasm and Nucleua, 

The protoplasm or true living body of the cell consij 
mainly of albuminous material, with a certain varyi 
proportion of inorganic matter. But besides this it mi 
contain, in the youDg cell at least, the elements out 
which the cell wall is formed, and also the elements of i 
starch and oils so commonly met with in gome portion 
other of the period of cell life. 

In consistence protoplasm is usually of a soft, alnw 
gelatinous character, easily moulded and not readily to 
but tending to preserve any character impressed upon 
by surrounding objects. In other instances it may 
much stiffer, or it may be almost fluid, but in no ca 
though giving the impression of a flowing movement, c 
protoplasm be considered as a fluid, inasmuch as 
movements take place in accordance with vital not w 
merely physical laws. We may, however, have to deal w 
protoplasm in two states — namely, as living protcfku 
and as dead protoplasm. The two conditions may be ^ 
understood by studying protoplasm before, and afl 
being exposed to the heat of boiling water, which coaj 
lates it hke other albuminoid bodies. 

Free masses of living protoplasm speedily form on th 
Burfaces a thin skin, or peVUde oIl \iWa ^^rti «<a\jatan 
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Jled the primordial utricle. Another dif- 
8 seen in the formation of a central mass 
3leas. This structure, which does not appear 
onstitution from the rest of the protoplasm, 
3entral in situation but is the centre of the 
3S of the cell. Occasionally differentiation 
3 nucleus itself, just as it more commonly 
» substance of the protoplasm, and to the 
lies formed in the nucleus the name of 
metimes ^ven. 

most striking and characteristic properties 
m is its power of spontaneous movement, 
its concerned in the processes of growth and 
ape are too slow to be visible, but in many 
movements of protoplasm are easily enough 
movements occur in two different situa- 
ere the protoplasmic mass is free and, 2nd, 
nfined within a cell wall, 
'ement of free protoplasmic masses may take 
ways : — 

>res of many Algae, and the bodies called 
s, have the power, for a certain period, of free 
eous movement, commonly by means of 
itions of their own substance called cilia, 
instances we see that peculiar motion called 
en the protoplasmic mass seems to flow in 
) direction, constantly changing its shape 
: out tentacle-Hke bodies in advance. Should 
encounter an obstacle of suitable size it may 
1 around it, investing it with a covering of 
ance. 

rhen confined within a cell wall the proto- 
)ntinue mobile. When the protoplasm has 
form vacuoles filled with cell sap, motion 

take place in that portion of the protoplasm 
e cell wall, and also in the bands of proto- 
>etween the various vacuoles. Such motion is 
tion. Not unfrequently in the same slender 
s of granules may be seen flowing in exactly 
jtions. This is common in hairs, as those of 
fallow, &c. When the protoplasm forms 

1 layer on the surface of the cell wall, the 
ntcrior being occupied by a single caNit^^^lckfe 
plasm may he seen to revolve in oil^ «^^cas\ 
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direction, rotind the interior of the cell wall, nmsll; i» 

the longest direction of the cell. This givea the ap!«■^ 
anc« of a broad current flowing ronnd aikd loniw tbt 




Fiotoplaimia motion bi teen in Chara. 

cell, and ia hence named rotation (Fig. 260). SnchiJ* 
nomena are common in manj water plants, bat are m' 
Been in VaUisneria, T^itella, Chara, or the AmninB 
pond-weed, now bo common. 

^. Chlorophyll. 
Chlorophyll is the green colouring matter bo diO' 
veraally ditfuBed in the Vegetable Kingdom. It nay 1* 
BBJd to consist of two portions, a protoplasmic basia »» 
an impregnation of green colouring matter. The I*t** 
may be removed from the former by dissolving ont th« 
coJonring matter t)y ft\cofeo\, etViet, chloroform, and mtff 
oUa well known aB aoVventa, t^ eaMiaiiX. nl •Sc^skcj^v' 
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)die8 is then to all intents and purposes that of small 
articles of protoplasm. 

In some AlasQ those chlorophyll bodies assume par- 
colar forms, oat most commonly they are rounded or 
Diagonal. In the course of the life history of the plant 

tune comes when the chlorophyll is absorbed. This 
I best seen just before the fall of the leaf. Other colours 
^n green are produced by coloured fluids, sometimes 
iUed Oh/romule, and some plants which contain chloro- 
tyll may not be green, the colour of the chlorophyll 
Qing obscured by that of the coloured sap. In Al^ae 
od Lichens, however, the chlorophyll is mixed with 
bHer colouring matters, producing the peculiar colours 
^n in these plants. 

In antumn, it often happens that the chlorophyll un- 
o^ffoes changes in colour before the fall of the leaf, 
till more is tnis noticeable in the ripening of fruits. 

y. Cryetalloida, 

In some plants matters clearly of a protoplasmic 
fttnre, and jfiving all the reactions of protoplasm, are to 
8 found which, nevertheless, do not present the rounded 
iirtaces and blunt edges of protoplasmic material. They 
1^ in fact bounded by the samo faces, lines, and angles, as 
^ crystals, and are hence termed crystalloida. They seem 
> be composed of two different kinds of material, tne one 
'ore soluole than the other. Their shape varies greatly, 
ttd they often contain colouring matters. They are to 
B fonna in the tubers of potatoes, and in various other 
taations. 

Yet another form of albuminoid matter is to be seen in 
le shape of small granular bodies, common in many 
*ds. These have been named Aleurone, They seem 
* be destined for the future use of the plant. 

d. Sta/rch. 

As among animals excess of nourishment becomes de- 
nted in various situations as fat, so among vegetables 
6r6 seems to be a similar accumulation of starch. Sta/rch 
Ansts of grains possessing a definite structxxTQ «utv(1 \vt<^- 
^Bgan arrangement in concentric layeTB. 1&«^ v^Xt^tOoL 
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grannie originates in the cell protAplasm and groiTB in it. 
Each bIbo ib made up of two kinde of materiSil, itarA 
granulose and Harch ceUuloee. The former ie more BoluUe 
thaj] the latter, and ia readily tamed bine bj the Kfim 
of iodine. Starch oellnlose, which constitat«B thebaoiff 
ikeleton of the granule, ia more closely allied to otdiiuij 
ceUnlose than the other, their chemical composition }mf 
nearly identical. All starch grannies contain beaidM tta 
above some mineral matter or ash, and a varying qnaotilj 
of water. Thia water ta most abundant towards uieinteniv 
of the granule, where is situated what ia termed the Un 
or iiucleus. By the variation of the qaaotity of water it 
different depths in the granule its layers are rendendiiiiUb 

FlQ-. 861. 



Celli contuning BtaKh, and Starch GlrannlM (Fes). 

These layers are not, however, always concentric, nor is iin 
nucleus always in the centre. Very small starch grannln 
are nearly spherical, but in the larger the growth is ^w* 
rally more towards one end or side of the grannie, pving 
it a different character. In this way at one end ci 
the grannie a considerable number of layers may be wen, 
whilst at the other oi undeveloped end they mayoe hari^ 
discernible. Apparently starch granules grow by intw 
susception. Thia would seem Ui be indicated by the ftct 
that the outer coat is always the hardest. MoreoTsr U( 
nnclens is soft, and even tne youngest grains are haii 
Not unfreqnently there may be found a double naciM 
in young granules, round each of which concentrio UjW 
are deposited bo aa to give rise to a compound grmit- 
la the parenchyma oi aome ^jnc^'j ^jtiViii^-^fliita, » 
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itacete, even more perfectly mnltipln grainB may 
led. 

(. The Cell Sap. 
lap ie foand in two different couditiona, either 
iljdiffQBed through the protoplasm of the cell which 
sre more or lese watery ; or it is foand occopying 
nolea which have been formed in the protopliuin. 
U aap represents the fioid nourishment of the cell; 
once a general solvent, and a chemical oonstitnent, 
f of the prodnctB of cell life. In rapidly sro wing 
p IB always anTiBna]ly abundant. In the cellsap are 
nnd various substances in solution. One of tiiese, 
, which ia cloaely allied both to starch and angar, 

Erecipitated either by cold or by abstraction i)f 
a this shape it resembles small, moro or less, 
<J gnumlex, hut it may ejso be thrown down aa 

Fib. 263. 




Baphide*. c, CeUwall; i 

with radiatmg lines similar to what may be pro 

y allowing a crystalline body to consolidate in 

fluid. 

■ orygtalUne ienaotite are common. Calcium eoi 

is to be fonod in many plante, VLtraa^'^ 'to. "C 
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granular form. Some marine Algaa are perfectly rigid 
from sach deposits. Occasionally, as in certain members 
of the Nettle family (Urticaceae), there are growths of 
cellulose projecting from the cell wall into the interior of 
the cell. On or in these growths, crystals of calcinm 
carbonate are sometimes formed so as to project from 
them in every direction. These are termed cyetolUhi. 
Calcium oxalaie is another earthy . salt common enon^ 
in plants, even more common than the carbonate. It is 
found in Lichens, most Fungi, and in many Phanero- 
gams. In the last named group the salt occurs in two 
forms, either as large, more or less, perfect crystalBjOr 
more commonly in the shape of parallel bundles of 
needles called raphides (Fig. 262). 

The term Biforines has been given to certain cells which 
contain raphides, and at a certain period expel their con- 
tents. 

OFHCINAL VEGETABLE SECBETIONS. 
JUICES. 

Opium — juice exuding from the cufj 

capsule of Papaver somniferum ; (Astringent, Stimulant Se- 

contains the officinal alkaloid Mor- r dative, Narcotic 

phia ) 

Kino — hardened juice of — 

Pterocarpus miirsupium (Indian)... C contain 'i 

Pterocarpus erinaceous (African) ...•< Catechin vAfitringent. 

Eucalyptus resinifera (Bot. Ba^) ...(.& TanniuJ 
Limonis succus — juice of the fruit of) Antiscorbutic and B^&igO' 

Citrus limonum (Lemon) j rant. 

Elaterium— deposit from the juice of 1 Drastic Hydragogufl^ Oi* 

the fruit of Ecbalium officinarum... ) thartic. 
Manna — concrete juice of Fraxinus ) Sweet Demulcent tf» 

ornus and F. rotundifolia j Laxative. 

Mori succus — juice of the ripe fruit of 

Morus nigra (Mulberry^ Befrigerant. 

Saccharum — refined juice of Saccharum 

officinarum (Sugar-cane) Sweetening agoit. 



JUICES rOEMEBLY OFFICINAL. 

Bhamni succus — juice of the fruit of 

Bhamnus catharticus (Buckthorn) Purgative. 
Lactucarium — inspissated juice oi li«tc- 

tuca. virosa and L. eauva iJietWce^ ^^Ck».>BCT^» 
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GUMS. 

•antho — ffummy juice, hardened, 

AstraffaTus verus Demulcent, &c. 

^«xu&tion from the bark of an 

cAoia Pemulccnt. 



GUM BESINS. 

jffit^gum reiin obtained from a 

arcinia (Siam) and from Hebra- 

mdron fi^ambogioides (Cejlon) ... Drastic Purgative. 

la— exudation from the bark of 

aliamodendron mjrrba Stimulant. 

—exudation from Canarium com- 

lune Local Stimulant. 

etida — exudation from the living 

it root of ISfarthox AssafcBtida ... Stimulant &Antispaimodic. 

aum — gum resin got trora an un- 

nown plant (Qalbanum officinale ?) Stimulant & Antispasmodic. 

miacum — exudation from stem and 

sdicels of Borema Ammoniacum... Stimulant and Expectorant. 

aonium — exudation fVom the cut 

)ot of Convolyulus Scammonia ... Purgative. 



GUM EESIN8 FOEMEELY OFWCINAL. 

lum^exudation from Boswellia 

irrata Little used. 

enum — source unknown Little used. 



BESINS AND 0LEOB£SINS. 

hylH resina— resin extracted from 

odopbyllum peltatum Cholagogue Cathartic. 

nun — resin obtained from the 

ood of Guaiacum officinal o Stimulant, &c. 

she — resin from stem of Pistacia 

entiscus Masticatory. 

>a— ^leo-resinous exudation from ) btimulant to mucous mem> 

opaifera multijuga, &c j branes. 

I scammoniee — resin got from 
im^resin or root of Convolvulus 

!ammonia Purgative. 

I jalapsB— resin obtained from root 

ibers of Exogonium purga Purgative. 

k— residue after dlHtilling oil of 
irpentine from the turpentine of 
uncus pines Stimulaixi. 



208 OUTLINES OF ELEMBKTABT BOTANT. 

Terebinthina Canadensis — oleo-resin 

from the stem of Abies balsamea ... Stimulant. 

Thus Americanum — hardened turpentine 

of Pinus teeda and Pinus palustris Stimulant. 

Fix Rur^ndiea — resinous exudation 

fron^ the stem of Abies excelsa Slightly stimulant. 

PORMERLY OFFICINAL. 

Terebinthina Chia— exudation from Pis- 

taoia Terebinthus Stimulant &c. 

OFFICINAL BALSAMS. 

Balaamum Peruvianum — fluid balsam 

from the incised trunk of Myrosper- _^ 

mum Pereira Stimulant and Expectonnt 

Balsamum Tuiutanum — solid balsam 
from the trunk of Myrospermum 
Toluiferum Stimulantand! 

Styrax — liquid balsam e^>t from Liquid- 
^ ambar orientele Stimulanti 

Benzoinum — hardened balsam got from 

Styrax Ben2oin Stimulantan^ 

OFFICINAL FIXED OILS. 

Lini oleum — oil expressed firom the seed 

of Linum usitatissimum Demulcent 

AmyedalaB oleum— oil expressed from 

me seed of Amygdalus communis... Demulcent. 
OlivaB oleum— oil expressed from the 

frnit of Olea Europaea Demulcent. 

Myristicae adeps — concrete oil expressed 

from the kernel of the seed of Myris- 

tica officinalis Stimulant. 

Crotonis oleum — oil expressed fr^m the 

seeds of Croton Tiglium Purgative and VeacuA. 

Bicini oleum — oil expressed from the 

seeds of iiicinus communis Purgative. 

OFFICINAL VOLATILE OILS. 

limonis oleum— oil distilled from the . ^^ 

rind of the fruit of Citrus Limonum Stimulant and Cannint»"- 

EutfiB oleum-oil distiUed from the fresh | gtinj^lant. AntispasmoaiC 
leaves and unripe fruit of EutoV and BubefacientT 
graveolens J 

CoptabBB oleum — distilled from tbe oleo- 
resin Copaiba (Copaiiexam\ii\v\Vi^«t\ ^Vivms)!A3iV 
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fophjlU oleum — diitilled from the 

uaexpanded ilower-bud of Caryo- 

phyllut aromaticut Stimulanti &o. 

lenteB oleum — difltilled from fruit of 

Eufj^enia Pimenta Stimulant and CarminatiTe. 

iputi oleum — diftilled from the loavea 

of Melaleuca minor Stimulant and Carminative. 

■i oleum— distilled from the fruit of 

Pimpinella anifum and lUicium 

Aniiatum Stimulant and Carminative. 

landri oleum— diatilled Arom the fruit 

of Coriandrum sativum Stimulant and Carminative. 

ui oleum — distilled from the iVuit of 

Carumcarui Stimulant and Carminative. 

Hhi oleum — distilled from the iruit 

of Anethum graveolens (Dill) Stimulant and Carminative. 

sbemidis oleum— distilled from the 

flower-heads of Anthemis nobilis ... Stimulant and Carminative, 
nnarini oleum— distilled from the 

flowering tops of Bosmarinus ofBci- 

nalis Stimulant and Subefacient. 

^•nduJe oleum — distilled from the 

flower of Lavandula vera Stimulantand Carminative. 

ntbsB piperitce oleum — distilled from 

the flowering plant of Mentha 

piperita Stimulant and Carminative. 

nthsB viridis oleum— distilled Arom 

the flowering plant of Mentha 

viridii Stimuhint and Carminative. 

Tistice o^eum— <listillod from the 

kernel of the fruit of Myristica 

officinalis Stimulant and Carminative. 

mamomi oleum— distilled from the 

inner bark of the shoots of Cinna- 

momum Zejlanicum Stimulant and Carminative. 

npborar— concrete volatile oU dintillod 

nrom wood of Campbora ofTioina- 

rum .'. Stimulant, then Sedative. 

bebiB oleum— 4istilled from the fruit 

of Cubeba officinalis Stimulant. 

rebtDtbiDflB oleum— distilled from the ^ Kubefacient, Stimulant, 

turpentine of Pinus palustris, P. >• Diuretic, Purgative, 

tnda, and P. pinaster ) Anthelmintic. 

oiperi oleum — distilled from the un- 
ripe fruit of Juniperus communis... Stimulant and Diurotiq 
bine oleum —distilled from the fresh 

tqpsof Juniperus Sal ina Irritant. 

PORMERLY OPPICINA'L. 

^. Pulegii oleum— distilled from the 
^enngphmt of Mentha PuJogium Stimu\an.t coid Cvra^uDA2C\N^% 

P 
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OFFICINAL ALKALOIDS AND SALTS OF ALKALOIDS. 

Aconitia— extracted from the root of) Sedative and Anocff/ae^ 

Aconitum Napellus J very poisonous. 

MorphioB hydrochloras — extracted from 

opium Sedative and Narcotie 

Atropia — extracted from the root of 

Atropa Belladonna Sedative and Anodyne. 

BebericD sulphas — extracted from the 

bark of rf octandra Eodisei Tonic and Antiperiodia 

QuinisB sulphas — extracted fixm the 

bark of Cinchona flava Tonic and Antiperiodi& J 

Veratria— extracted from the seeds of 

Asagraea officinalis (Cevadilla) Irritant, &o. 

Strychnia— extracted from the seeds of 

Nux vomica or Faba St. Ignatii ... Stimulant and Tonic. 



OFFICINAL NEUTEAL PBINCIPLES. 

tonica J '<"^- 

Digitalinum — extracted from the leaf of 

Digitalis purpurea Sedative and Piuietift 
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CHAPTER II. 

CELLS IN COMBINATION. 

west forms of vegetable life consist of single cells, 
ning all the functions which in the higher plants 
rformed by complicated organs. Examples of nni- 
r plants are presented by the Diatomaceas, &c, 
these in the scale of life come such collections of 
I the lower AI289 (PalmelleaB, &c.)i where each cell, 
1 usually combined with others, when separated 
bs neighbours is capable of maintaining an inde- 
it existence. Such collections are called Families, 
:x)NLES. In the higher groups of plants the cells, 
1 of being all similar in shape and function, differ 
3rent parts, so that one set cannot fulfil the func- 
:' anotner. Such collections of cells, which also obey 
tnon law of growth, are called Tissues, 
ues commonly arise by the frequent segmentation 
ngle mother cell, and from the beginning are held 
er by the existence of a common cell wall. Spurious 
) are formed in certain cases by the amalgamation 
^regation of cells originating separately. In ad- 
l cells originating in a common mother cell, the 
3ning wall is at nrst a simple partition, and it is 
\rhen it has attained to some thickness that any 
n into two layers is seen. Then only too an inter- 
be lamella is seen, giving^ the idea of a common 
}llular substance or matrix, in which the cells are 
ded. This mi^ht almost appear as if secreted by 
11, but is in reality due to the oifferentiation of what 
•iginally a common cell wall. 

auickly growing cells it not unfrequently happens 
the cell tends te assume the rounded, instead ot the 
ir form, that spaces are created between these ad- 
cells. These give rise to what are called intercellular 
In some plants these intercellular spaces are 
arge and freely communicate, and being nlled with 
re lightness and buoyancy to the plant. Sometimes 
ire filled with fluid. Stomata, to be dft%CT\\i^W«t^- 
Boem to belong to these iiiterce\\\]i\a.t ^^«j(!^\^. V^ 

p 2 
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other instances air and fluid charniiets are to lie trmi, 
but constructed on a totally differeat principle. He»bj 
the early absorption of the walls at aajoiDiug cells akm 
of pipe or channel ie formed. TluB process of formBtJon 
is sometimes tenned coalescence, and the veeselB tiuu 
formed are abundantly found in what are called Jilii'i*' 
vaarjilar bundleg, A series of these vessels, called Latin* 
feroua vessels, are formed by a very early and complete 




Laticiferoua TeBsels or Cmendijma. 

coalescence of adjacent cells, so that no tra«e of the 
original cells remain, but only simple pipes or tubes 
freely communicating with each other (Fig. W3). 

mien in the growUi of a plant a uniform mass of cells 
or primary tiwae begins to under^^o change, the cellt 
naually tend to differentiate. In this way flie outer or 
surface cells tend to flatten, and to assume the ohiracter* 
of an epidermis. Such flattened cells might be tenned 
an epidermal Uea^ie. 
Jfonv of the internal cbUb letain. more or less of their 
oiigioai character, niodi&e4 m b\ik5* Sfc ma.^ ^ii^\ti -mntnal 
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, but not otherwise greatly altered. Such groups 
ire commonly styled a parenchyma, 
ma number of the original cells tend, howeyer, in 
itances to assume a longitudinal arrangement, that 
rm fibres or yessels, and as these two forms are 
ly associated, they giye rise to what are called 
xula/r bundles. This elongated form of tissue is 
es called & proeenchyma, 

arieties of Parenchyma are distinguished as — (a) 
r, where the cells yary in size; (6), Regular , 
hey more closely resemble each other ; and (c), 
ynn, where they are stellate, or of any other shape 

Fio. 264. 






ivj 






- — ,■>«.■• 








Oroatlj elongated dotted or pitted colls. 

illows of large intercellular spaces. A pecuHar 

Parenchyma, distinguished by its brick-shaped 

known as Muriform Parenchyma. It occurs in 

&r gravnol wood. Besides these, t\iet^ \&'^\MbK»Ss^ 
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called CoLLESCHiMA, which is a tiaaae whose cell 
contain a mucilage capahle of being extracted bj wa 
Elongated fusiform cells combmed in a tisane o< 
tnte pBGaENcarMA. Snch cells either merely ton 
their eitreniities, or they orerlnp each other. Aa ei&i 
of prosench jma maj be cited ordinary woody fibre (< 
also Pleueenchtma), which is composed of modei 
long cells, and the liber composed of very long celle, 
lapping each other at their extremities. 

Fis. 806. 



Gpinl yeatelt paiUally anfoldud, 



ADDular Tessel (Meloi 



What is called taschlak tissue ia closely allied to 
aenchyma, but it is composed of dotted or pitted, aj 
aimmar, reticulate, or sealamform celle. By the ah 
tion ai the walls where two cells touch each other, 
cavities become continuous, and produce a tnbe or c 
On this account the vetiiielB of plants are IntraneU 
thOBB of animals Intercellular, seeing that their ^rall 
made np of tisBnes composed of many cells. The vas 
tiaene, composed of dotted oi ^ittsA c^a'^v'^, 'iS* 
ranged end to end, ao as to iatm -piWwa. i^isXa v^Si; 
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called BoTitREHCFTYUA. That tisane, medf 
■/anulnr, reticulated, or scitlitri^-iriii cells, sc 
1 constitute veKseln to which similar naniei 
e BOmetimeB callod, from the pociiltar fibroai 
their cells causing them to roaumble th( 
IS of itiiiectB, Tit4Ci[CNi;jiitiA. 



Dotted or nittod duct 



itted dncts occnr in the wood of Dicotjie- 
ited voBsole occur abunilantly in Moooco- 
ntikr voshoIb are comraonoet in the Kquiw- 
aJariform vessels in Forns (Fifj. 267). whilst 
are feund in the delicate parts of moHt 
lily Dicotyledon li. 
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CHAPTER in. 

COMBINATIONS OP TISSUES. 

Epidermal Tissue, 

The simplest form of cell diflPerentiation seen in plants ia 
the formation of an outer layer of cells differing in shape 
and characters from the bulk of the cells lynig below 
them. These superficial cells become flatter, tiiicEer, and 
firmer, and they are frequently also smaller than those 
of the parenchyma. This distinction is most marked in 
plants, or parts of plants, freely exposed to the air, much 
less so in those parts which are underground, or sub- 
merged in water. 

In the lowest groups of plants the only difference 
between the surface and the deeper cellq is tiiat they are 
smaller and firmer near the surface. The colour too is 
darker, and they tend to produce hairs. 

In vascular plants a perfect epidermis is commonly de- 
veloped, at first as a simple layer of cells, but this maybe 
subsequently divided into two or three layers. Of these 
the outer is still recognised as the epidermis. Beneath the 
true epidermis strengthening layers may exist. Certain 
of these cells, termed the hypoderma, are parenchymatous 
in their origin, though often presenting a very different 
appearance irom parenchyma cells. 

Epidermal cells correspond in shape, to some extent, to 
the part they cover. Thus if this be elongated they too 
are chiefly developed in the longitudinal direction, whilst 
on broad flat surfaces they are usually tabular. Their 
edges are often sinuous. 

On the surface of the epidermis is found the cfu,i^ 
(Fig. 269), which covers not only the epidermal cellfli but 
also the boundaries between them. The outermost layers 
of the epidermal cells are thus altered, and their surface 
walls may be greatly thickened, whilst the internal wall is 
but little altered. Solutions of iodine, with or without 
sulphuric acid, colour the cuticular substance yellow or 
brown. With the cuticle are often associated deposits of 
wax. These serve to protect the plant from the penetration 
^of dnid, and when pecuAiaxVy ^s^o^^^ ^^ rise to what i8 
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led tbo hhom seen on certain fruits, as grapes and 
ima. 

Fio. 269. 




Cuticle with hairti F ; Stomata, v. 

ill Hairs are strictly speaking o])i(lormal appondagen. 
ley are in their simplest forms more thin- walled pro- 



FiG. 270. 



Fio. 272. 




Simple uniooUuiar 
hair. 



Fio. 271. 




Hadiating hair 
(Elcagnui). 




Unicellular 
glandular hair. 

Fio. 273. 




Glandular 
stinging hair. 



jwances from the epidermal colls, and rarely branch 
*g' 270). From this tyijo varying dogrcoa oi (iom^<6i^\?3 
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arise. The hairs niaj become shorter, thicker, and Btifla, 
as in prickles, and may be separated by a Beptnm ffos 
the mother epidermal cell. Whilst in yet other cases U» 
number of cellg may be much greater, and eompomi. 
haira result. The shape of hairs is Teiy various. lIo4 
frequently they are elongated and more or less poistti 
but sometimes they eipaud laterally, giving- rise to inon 
or less distinctly plate-like forms {Fig. 271). When to- 
niahed with glandular cells, either at the point (Fig- S7J{<r 
atthBbaBe(Fig.273),such hairs are termedjIaMdMHwluM. 
Stomata are among the most interesting of epidamil 
structures. They do not occur on the epidjermis, or vi^ 



Epidermii ai 



»(iiir). 



on account of their absence is sometimeB termed ti> 
epihlema, of true roots, but they may be found on KM 
underground, and more rarely on submerged stems. Tlfj? 
are moat abundant on leaves and aerial stems, espediUr 
on the green parts wlere chlorophyll abounds, m 
where an active interchange of gases between the is* 
tenor of the plant and the outer air is going on. "* 
sitspe and arrangement of the stomata depend in p>rf 
OD tie flrrangement oi ti\6 e\iv4BTmal cells. Usually O^ 
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nsist of two kidnej-sliaped cells, with their recesses ad- 
oent to each other (Fig. 274). For their formation a 
«oial cell appears in the epidermis, which after a time 
vides in two parts, the line of division being perpendicu- 
r to the surface. A lamella is formed between tnese two 
Dfl. This lamella is speedily thickened by deposits 
bich tend still farther to separate the two new cells. The 
mella splits in two, the cuticle is also ruptured, but soon 
rrers both walls of the lamella, and so an opening, which 
e caXL a stoma, is made into the intercellular system of 
le plant. The two adjacent cells are termed guard cells. 

Much more complexity may be seen in the formation of 
»mata— especially in the Marchantias — but the above 
imple description of what is seen in Hyacinths will give a 
omciently clear idea of the process. 

In the older plants belonging more especially to Dico- 
yledons, the epidermis by degrees gives way to a new 
tamcture called bast The cells of this substance, which 
lie usually elongated and filled with air, are singularly 
vristent, but are flexible and elastic. This layer does 
iot usually arise from epidermal cells, but from the layer 
tabjacent to them. Ultimately this may produce a com- 
)lete coating to the stem and branches of the plant. 

FihrO'Vascular Bundles, 

In the substance of the higher Cryptogams, and in all 
Phanerogams, are to be found certain string-like bodies 
termed noro-vascular bundles. These may remain slender, 
M is well seen in the loaves of the greater Plantain 
[Plantago major), when the leaf is broken across and tbe 
purts severed. Here the fibro- vascular bundles hang out 
ue threads, and are sometimes used by children to " tell 
ktanes." Again they may grow strong and thick, and 
t&all Conifers and Dicotyledons are so developed as to £11 
Jp almost the whole of the stem, leavinc; hardly any of 
Se oriffinal tissue whence they were developed. 

In the young state all plants are composed of what 
IQg^t be called indifferent cell tissue, fv/nda/nwntal tissue, 
^fimpU cellular tissue. With age in the higher plants 
Ui nnderflroes differentiation. Certain of the cells ar- 



nndergc 

Idge themselves longitudinally, and form vessels, wood 
bres, &c» But without and within this difEerenliated 
^1 indifferent cells atiU capable of deYe\oi^ixi^TL\> t^tcl^yki 
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and constitute what has been termed a Cambinm. Some 
fibro-vascular bundles in the course of their powii 
exhaust the whole of their indifferent tissue, and m this 
way become what is termed closed. The growth of Bndi 
bundles is definite. This is the case in the hig^ 
Cryptogams, m all Monocotyledons, and in some Di* 
cotyledons. In others, again, the growth is indeJuMtf, 
The cambium is not exhausted, and the bundles remain 
operif and so the bundles may continually be adding to 
their thickness both outside and inside, such is tke nde 
in Conifers and nearly all Dicotyledons. 

In a differentiated fibro-vascular bundle the tissofli 
may be grouped, as the bast (phloeum) portion, and the 
woody (xyhm) portion. The cells of the bast layer ue 
usually thin walled and succulent, or long and nexiUe. 
These thin-walled cells may be parenchymatous, or may 
be lattice cells, or tubes with sieve-like markings. Tm 
woody portion again has its cells thickened wifli woody 
matter, and its vessels often contain air. In open fibio- 
vascular bundles it is common to find rows of oeOs 
developing horizontally or radially as well as longitn- 
dinally. These cells, which are commonly parencky- 
matous, may become hard and woody and constitute the 
so-called silver grain of wood. 

Indifferent Tissue, Cellular Tissue, or Fundamentd 

Tissue. 

This term may be given to the cellular mass out d 
which the epidermal and fibro-vascular systems are dew* 
loped, or to that portion of it which remains after they 
have been developed. The cells of it are usually thin walW 
and succulent, constituting a parenchyma more or le« 
permanent. It is of such tissue that all Thallophytesaiid 
some Mosses are formed, whilst in vascular plants it filb 
up the interstices between and within the fibro-vascoltf 
bundles, and in certain plants may constitute the laigei^ 
part of the stem. Usually in Dicotyledons we find tw 
tissue divided into two portions, a central lying ^rithni 
the fibro-vascular bundles or pith, and a peri^eral C 
cortical portion lying without them. Between the centrtl 
cellular tissue or pith and the cortical cellular tiBffl* 
extend what are called medulla/ry roAjs, composed of ^ 
same material. 
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Olands and Sap Vessels^ 

.lio vessels which are found in fibro-vascular bundles 

formed, as already seen, by the arrangement of cells in 

's, and the absorption of their intervening walls. 

ise vessels in the mature condition only contain air. 

dciferous vessels are formed in the same way, but their 

Us are thinner, and they often branch. They are most 

mdant in the Jsastiayers of the fibro- vascular bundles, 

i may occur elsewhere and in various situations. They 

rays contain a milky-looking juice. Closely resembling 

ise, though different in origin, are the intercellular 

kces forming a system ot canals, and containing 

ions kinds of juice. Glands differ from all those in 

rut purely local formations. They may consist of 

gte cells ; or of groups of cells, whose adjacent walls 

7e broken down, ana which constitute a common re- 

>tocle for the special substances formed by the cells 

ig. 276). 

Fia 276. 




Internal glands (Orange rind). 

The Steucture or Growing Plants — Stems. 

At the growing point in all plants, whether in the 
anohes, leaves, or roots, the cells are in an unformed 
ndition. They are capable of growth; and in the higher 
ants of differentiatiou,whilst as the differentiation goes 
I and special tissues are formed, the undifferentiated cells 
e oons£antly being renewed at the ip*owing point. This 
(formed tissue is sometimes called Primary Meristem, 
id it always occupies the growing point or punctum vege^ 
H<mi8 of a plant. In most Cryptogams the growing 
ant is terminated or capped by a large a/pical cell. By 
6 seraientation of this cell other cells are formedf^^Wiv 
%j merwarda become differentiated. In i^\i^Tk.^TQi£dAsx^ 



I 
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there is no aingle apical ceU, the puuctnin TegetatJonitii 
mnltiple. 

Algte are entirely made up of cellular tiBsne, but Un 
cells on the exterior of these plants are smaller than OkiK 
in their interior, so that they appear to have a tiod ef 
epidermis. 

In many Mosses, the central part of the Btem il 
occapied by a bundle of elongated cells, which, in acan> 
genera, become actually prosenchjmatouB, but no Tendt 
are to be found. 

Tia. 876. 




Bhlzome of Fern wiUi cicatrice*, c. 

The Lycopodiacece have a distinct fibro-Toscnlar bandit 
in the ceutre of their stems, their vessels being moatlr <i 
the epirol kind. In the Equisetaces there ia a ring (/ 
fibro-vascnkr bundles anrrrounding fhe cellalaT tiiKA 
which constitutes the greater part of the stemi but A* 
vessels in this case are mostly anmdar. 

The fibro-vasculai bundles (Fig. 276) seen in FartiB, «• 
still more marked ; they do not pursue a etraight ooiin^ 
but have a wavj or netted appearance, ana join eieh 
other at the points where branches are given off to tta 
Jeaves and roots, 'Eiveii -^dMeU a.w referable to the Mta- 
riforw, type. 
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1 PhaneroKftniB two well-marked kinds of Btema occur, 
irding as these are made up of cloaed, or of open flbro- 
lalar bundles. From certain peculiarities in their 
le of growth, the two kinds of stums are also known 
Siidogenons and Exogenous sterna. 

A. EndogenoiiB 8lem». 

1 this group, of which the Palm iriBy he taien as type, 
■a ia a general pith in which curved fibro-vascular 
dies of tne closea or definite kind are arranged in a. 
iliar manner. These bundles (Fig. '27d) do not anas- 
OM with each other as they do in ferna, and they pass 
ily into the leaves with which they are connected at 

Fio, 877. 




ir upper eitremities, while at their lower end they bend 
wards, and then interlaciag, form a sort of network eepa- 
ng the cortical from the central parenchyma. In H^r- 
BOUB Monocotyledons fbe stem couaists of a aucculent 
enchyma, with stringy tiorous bundles diffused through 
ad even in. those possessing woody stems their hardness 
s not BO much depend on the flbro-Tascular bundlea 
on the woody tranaformation of the parenchyma. 
Docotyledonoos stems are bounded on the outside by a 
1, which, however, does not correspond with the bark of 
genouB plants. It consists of a loose parenchyma, 
ered by a few layers of tabular cells, corky in their tei- 
a when most developed ; but in Bome csAes ^,\va \».'^«t 
made up of a eiugle layer of flatlenei wJia. Ttaws 
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stems are called Endogeaoua frdiii the pecoHar mode in 
whicb their fibro-vaacnlar bundles (Fig. 278) are developed. 
They originate at the punctnin vegetationis, or oiguu 
apei of Uie plant. From this ther bend outwanls is t*v 
direotioDB apwards towards tke leavea, and domwii^ 
towards the roots, or if the stem be of any great leiigti, 



'X. r 



^rV^rO 




„. A MoDocotjledoii. t. Spiral veBsels ; r p. Pitted iMMhr 
p, Faiencbjina ; I, Thick-waUed Sbrs cells, but and wao4i 
V I, Loticiferous toskOs. The inner portion ia iDweot 

thej reach the rind before they get to the root, tie tiH* 
cnrve being much the more abrupt of the two. rom^ 
it was supposed that there was only one cnrre — ^i"'*^ 
towards the leaves, and that the handle afterwards*^ 
straight from tiie apes, "vt \iie iwA of the plant iMidj* 
the bnadlea pieviouftl-j 4sL'(6\'>-'e^ Q-o.'Cma "*" 
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the HtippoBition that the newest part was moBt 
1, the glem was called Endochsnous. The lower 
itiea of these baadlea aro intimately connected with 
i, wliich cannot, therefore, be separated from theni, 
) outer part of Bncli Btems contains moat fibm- 
u* bundles, it is harder than the internal portion, 
»>8ite being the case in Dicotyledonous steran. As 
rtioal portion soon hardens the steme become 
ble of increasing their diameter at an early period, 
e, therefore uiruallj cyhndrical In some cases, as 

Fio 27fi 



tion of a portion of «. 



. ft, Fibro- 



1 DragoD-tree (Braceena), this hardening does not 
lace, so that the stems have the conical shape of 
DS, and are capable of attaining a great size. En- 
ana stems have usually but one bud (a terminal 
10 that when it is destroyed the plant dies ; but in 
as the Donm Palm, two are produced, while on the 
<n-tree. Asparagus, &c., many buds are developed. 

B. ExogenoTte Stem. 
otyledons, at an early period of their history, oon- 
f a primary cellular tissue or parenchyma, i6^;(i1b,t 
egular as regards the size and iiba.^ dl \Ha i^m- 
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ponent cells. Within tbis is dereloped a circle of o^ 
or indefinite fibro-vaBculaj Limdles, anastomosing with 
each other, bo as to form a sort of network, the mesbee of 
which are filled with bands of cellular titiBne oonnectii^ 
the central parenehyraa with that more external. Be- 
tween the fibro vascular bundles and the outer BorttM 
lies the cambium layer and the whole is covered b; Hie 
epidermis (Fig ?" ' 




Horizontal wcdon of the atom of the M ] n « Fitli or cenlnl 
MrencbjmB (pnman) ( S. iral vesselB t m Medullajy r»j«. 
OuUide the fibru ibscuIu bkiudlei u the eitenial pueochjnu. 

At this period, therefore, exogenous stems are composed 
of— 

1. Internal Primary Parenchyma, .\ 

2. Open Fibro- vascular bundles in 

circles, Medallaiy 

3. Cambium layer, ' raya. 

4. External Primary Parenchyma, 
&. The Epidermis, 

Such is the permauent condition of herbaceons Bico- ' 
tyledonis ; but in those intended for n longer existence 
than one or two years, it is usual to find a somewlut 
more complex structure. 

Here also there is a central pith, composed of 
spherical, dodecahedral, or stellate cells. In planta Oil' 
or two years old the pith is not eo large, relatively to Uw 
rest of the stem, as in very young or herbaceous plant*. 
In plants which grow rapidly, such as the Umbellifene , 
(Hemlock, &c.), a sufficient number of cells cannot bt I 
produced to occupy tbe space intended for the pith,» | 
that, except at ttie root, me ii\>eQi\a'WiR™. 1 



OOUBIKATIOKS or TISSDKS — STSHB. 227 

The same is the case in tbe endogenous etema of 
Qroasea. In the Walntit-tree them is a regulur alter- 
nation of cavitiee and septa, producing what is called a 
efcamftered pith. 

The internal portion of the fibro -vascular hnndlea 
when they Borround the pith contain many spiral 
Tessels. This ring, for such they practically form, is 
sometimes called the MuhULi^nv Suhatei. 

The fibrO'Vascnlar bundles of which the stem consists 
ore arranged in concentric circles, each of which con- 

Fia, 281. 



Eoriiontol iection of e, 
It, Pith; t, Bpral tmmIi ( 



■titntes a year's growth, or at least a period of reat and a 
period of activity. These circles are, however, broken np 
into wedge-shaped masses by the medullary rays running 
trom the pith t^i the bark. 

This cessation of growth in winter is dne to the cold; 
bnt in tropical cunntriea the canse of the cessation is 
Bwre commonly drought — for this reason, in such 
W^ioni, more ttian one ring may be produced in a plant 
in one year, while in the Cycas tribe several yoa.t* q.w 
nqntna lor the completion of a ftuiaV« (at>i\e. k.% v 
Q 2 
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f(enera1 mle, however, the number of rings in a tree nuj 
be taken aa iadicatiog its age in years. 

Dotted or pitted ditcts are (jeneraUy anrroandetl bj 
woody fibres, but in tbia, as well a^ in the sizes of boti 
dncts uid fibres, there are many variations. The wood of 




Ifljen of lh< 






I portion of & three years -old «J 
no, PiUi ; i. Spiral ttaae\s of meduUarr (heath s vp, FiK" 
; k Woodj fibrei ; u. Cambium lajer ; t, Libap, or Bi* 
of the bark ; p c. Cellular Ujers of the buk ; j, Co^ 
of the bark. 



Conifers is composed almost exclusively of their pOOThw 
pv/nctaied or glandular tissue (Pig. 259). 

As the tree increases in size, the older parts of tl» 
wood go on increasing in density by the thjokening <" 
tbeir cell wallB, till aA, lA&t 'Oa««« XAooma totally u^* 
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riooB, and in a measure dead to tbe plant. THib 
bra! part is termed the Dubambh, or heail-wood. and is 
tn ditterentlf coloured from tbe other pnrta of the etem, 
ng to pecnhar secretiona deposited in it ; thia ia seen 
UatioganT'. Ebony, Lignnm Vitte (the Guaiacam tree). 
The outer part, where the cella are not ao much 
Aened, ia called the Alhurnuk, or Bap-wood, as the 
ds ibr the nouriehmeut of the plant ascend through it. 
\m has been seen, tbe wood ib arranged in wedges, 
ioh are hounded laterally by the hedulL4Rt BilS. 
eaa rays belong to tbe horizontal system of the plant, 
lare composed of thickened brict-shaped cella placed 
) above the other (hence called Muriform parenchyma). 



d serve to conpect the cellular syBtem of the pith with 
it of the bark. The rays, stretching the whole way 
im pith to barli, are called pHmary. But as tlie 
ipnal wedge of wood increaaea in breadth year by year, 
IB at the same time cut up by a new eet of rays. 
ig. 283), which only atretch from tbe ring of the year in 
ucb they originated, to the bark. These are called 
vndary rays (Fig. 284). It also results from the iti< 
dacing of the fibro- vascular bundles of the aame circle 
th each other, that the medullary rays, which pass 
rough these int^rsticBs, do not pass directly and con- 
loously from apei to base of the stem, bit \rtSft wi^ 
lall Tmicaj dimeagioas. In the hetirVDOO^ *C&ft^^'^t^- 
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shaped celln of tte raya become hardened bj the depoii- 
tioQ of Hclerogen within them. 

In all dicotjledonoua plants there is to be fonnd a la;<r 
of cella retaining their protoplasm in a state fit for iiiil>- 
division, inimediatelj[ ontaide the sap-wood, and aeparating 
it from the bark. This is called the Cambium lates. From 
this layer are developed the wood internally, and the baA 
eiteraally, the cells of which it is composed changing into 
the brick-shaped cells of the medullary rays, the doelt 
and woody fibre of the fibro-vascular bandies, on urt 
inside; and on the ontside, the Ion;; and slender fibrwof 
the liber take their origin from the same source. It is to 



TnuMverse Mclion of part of s dicolTledonous pIcth ibuwinl 
medullarj rays of four degree». «, Pim ; p c, CortiaJ fti» 
chjmB; I, Biirt. 

itS'preBence that Eii^ens owe their pecnliar pwjper^ of 
■unlimited growth, for when it is destroyed at anj|i«rt 
there b a deficiency in the woody ring corresponding wit* 
the deficient Cambium. The colour of the Cambiw 
layer is green. 

The stmctorea outside the Cambium go by the coUtfr 
tive name of Bark, but may be divided into four set*" 
viz., from within ontwards. 

1. The ETtdophlceum, or Liber. 

2. The ifeBophl(Biivi, or Green Cellular Laytr. 

3. The Epvp)i.l(B«.m, Cork'ii, Qt SitieroiM f/Oger. 

4. Tlie Epidermis, &c. 
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!ere the prosenchymatous structures are internal, the 
lUnlar external, the reverse bein^ the case in the wood ; 
le bark also grows from the inside, instead of from the 
itside. 

Immediately outside the Cambium comes a layer which 
I very many respects resembles the woody layers inside. 
•$ is the inner layer of the bark, whence it is called the 
iNDOPHLCBUM ; and as it was formerly used for writing 
a, it is also called the Liber. The name Bast is also 
Lven to it. It is composed of very long and slender and 
ot too greatly thickened prosencnymatous cells, rounded 
r hexagonal m section, the wood-cells being, on the other 
and, most frequently square. The cells are generally 
imple, but sometimes they are branched. From the 
longated cells of the liber and the spiral vessels of the 
lednllary sheath the fibro-vascular bundles of the leaves 
re formed. It is from this layer that most of our textile 
ibrics are got — flax, hemp, jute, &c. On account of their 
rigin such substances may be readily distinguished from 
i/otton, by their exhibiting the peculiar cellular structure 
tf woody fibre, whilst Cotton is the unicellular hairs 
attached to the seeds of the Cotton-plant. Like the wood, 
he liber is reticulated, to admit of the passage of the 
nedullary rays, and presents a smooth surface to the 
Dambium, but is rougher where it joins the next layer of 
bhe bark, or Mesophixeum. This consists of cellular 
tissue, with the cells more or less flattened, and con- 
taining Chlorophyll. It is connected with the pith by the 
medullary rays which end here. Outside this comes the 
corky layer of the bark, called from its position Epi- 
PHUEUM, and consists of layers of flattened cells con- 
taining air. 

The characters of this corky layer vary greatly in 
different species. Sometimes it is only a thin layer, in 
other cases it attains a great thickness, as in the Cork- 
pak; in some cases it is permanent (Elm); in others 
it falls away periodically (Birch). In the Vine and 
Clematis, the liber is thrown off with it. Besides 
these structures the bark contains laticiferoua vessels 
Jtt its two inner layers, and is often the reservoir of 
^▼eloped secretions. Hence arises the use of barks in 
^ttedicme. 

The ACROGENors stem, as seen in. Eetiift, TCk\^\» ^jsi.- 
oordinglj he described as a cylinder of pitYi ft\xtT0WTA'5^\il 
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a network of closed fibro-yascnlar bundles, ending in 8 
crest of leaves at the top. 

The MoNocoTYLEDONOUS or Endogenous stem, also 
consists of a cylinder of pith, intersected by curved fibro- 
vascular bundles of the de£nite kind, but not forming the 
regular superficial network seen in Ferns. 

The DicoTTLEDONous or Exogenous stem consists of a 
series of cones, the one within the other; the most in- 
ternal and the most external consist of cellular tissue; 
between the two the substance of the stem is made np of 
open or indefinite fibro-vascular bundles. 

The Boot. 

Boots consist of a fibro- vascular axis surrounded by 
cellular tissue, which when young, is covered by that kind 
of epidermis which wants stomata, and is called Epiblema. 
In old plants this covering is replaced by a tissue of a 
corky nature. 

According to their mode of origin roots are either aMi 
as in Dicotyledons, or adventiUouSf as in Monocotyledons, 
and the higher Cryptogams. The former are often 
woody, the latter more rarely so, being usually succulent, 
except in arborescent forms. 

In Vascular Cryptogams or Acrogbns, the rootlets are 
developed all over the spore. At first such rootlets aw 
only smiple cellular processes, but no true roots are ever 
found wnere the plant contains no fibro- vascular bundles. 
Owing to the irregular origin of the roots of Acotyledons, 
the plants themselves were called by Richard. " Hetkbo* 

KHIZAL." 

In MoNOCOTYLEiK)NS the radicle of the embryo is not 
developed, but in the substance and below the rind of 
the stem, at its lower part, a number of little conical 
projections of cellular tissue take their rise. These 
papillsB make their way through the rind, carrying a 
part of the tissue before them in the form of a littJe 
conical cap, (the root-cap), while j)art of it remains 
clasping the rootlet, and forming a little collar round it 
The cap is called a Pileorhiza, when it is seen as in the 
Duckweed, the collar a Goleorhizd. The whole plant, from 
the roots originating in this mariner, is sometimes said to 

be Endorhizdl. The jlhro-vasculoflr bundles are of th« 

limited or definite IdnA.. 
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a. the adventitious roots of 
D the doatiug roots of the 



Pihorhita is well seen i] 
nduiiui, or still better ii 
reed (Lemna). 
mdarj roots are formed in the some way aa are the 
7 Toota of a given plant. 
Fie. SSfi. 




9, CotjledoDi tot. Culeai 

DicoTTLEDONS, the roots are developed from the 
I, which, lite all other parts of the embryo, is 
illy of a cellular structure. The radicle grows by 
mopment of cells a abort way behind its apex, eo 
le extremity of the root is older and denser than 
rt immediately behind it. 

1 ertremity of the rootlet was aappoBcd Vrj 'Oe ^jMv* 
to be at) orgajt whose Bpecial loatAimv *««& 'Can 
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absorption of aonriahment, and whicli he accorfiuglj 
called a Spoxgiolb, or Spongelet. Its object appears tow 
the protection of the tender parts below it from injnryin 
malting their way through rougli soil. It is gomewhit 
analogoiiB to the Pileorhiza already desorihed. In reality 
it is older, its cells are thicker and denser, aad the 'whou 




Extremity of > root cut Tertically , / p, FibroDi bondlEij 
C. Cellulu IJasue. The denm and older portion at the A- 
tremitj is tbe ao'Called Bpongiole. 

structure leas adapted for absorption than the thin-wallri 
eells behind it. 

The flbro-Tascular bundles in Dicotyledons are of ti* 
indefinite kind, and by their aggregation at the point whw 
the stem joins the root (the Tif/eKuH or coiior) abraptljewl 
the pith, so that the root uBuaJly contains no pith or 
medullary sheath. Sometiraea, however, both are preBent, 
aa in the Walnut and Horse- Chestnut. Tbe root eiip want* 
for the most part tbe liher and camhiuni-lajBrB H3 ttej 
are seen in exogenooa aWms. 
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Both ihe axial and the adventitious roots of Exogons 
ranch by a bifurcation of their growing point ; the adven- 
itioiis roots of Monocotyledons branch by producing new 
dventitious roots. 

From their Root System, meaning thereby the whole 
oUection of roots on the plant, originating by develop- 
ment of the radicle outside the bark, Exogeus were called 
T Richard Exorhizce. The younger portions of the roots 
f Exogens are very often covered with hairs, which 
.snally consist of simple elongated epidermal cells. These 
Airs are sometimes called FihrilkBf but must be dis- 
inguished from the smaller rootlets, to which some have 
;iven the same name. 

The differences between the stem and the root in a 
Dicotyledonous plant may be roughly enumerated thus : — 

STEM. ROOT. 

Developed firom the plumule. Developed fVom radicle, 

throws upwards towards the lif^ht. Grows downwards fh)m light. 

las a pith, medullary sheath, Wants all of these except in a few 

liber, and cambium. plants. 

^ered by an epidermis, with Covered by an epiblema, without 

stomata. stomata. 

)evelopes leaves and leaf-buds. Generally wants both. 

Aerial Roots. — There are two groups of plants pos- 
lessing peculiar roots which deserve attention : those are 
kSBiAL plants or Epiphytes and Parasites. The former 
proup of plants do not send their roots into the ground 
it all, but allow them to hang suspended in the air: in 
heae cases the roots have an epidermis and stomata, like 
items (Fig. 10). Some orchids have their aerial rootlets 
iovered by a layer of thin-walled cells, sometimes called 
he Velamen Radicum, 

Parasitic Roots. — Some plants, when developed from 
he seed in favourable situations, send their radicles into 
he rind of such other plants as may be in contact with 
hem, and thus become grafted on tho supporting plant. 
in certain cases, as in the Mi>tletoo, the root is not fur- 
her developed. In other instances, there is a sort of stem 
voduced below the rind of the nurse-plant, as in 
iafflesia (Fig. 810). 
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LUT£3 AND TSEIB MODIFICATIOBS. 

All leaf-like appendages of the stem have the mm 
general stracture. Thej consist of a skeleton of Gbo- 
vaacalar bundles, Bopporting one or more lajere of loot 
cellular tiaaue. They are covered by an epdermie, inS 
are usnallj ahondantlj provided with stomata. 

Leaves oriainato aa small maesea of tiQdifferentJito 
tisHue below the level of the growing point of the plut 
and this is always on the ontaide, never from the iea^ 
of the growing stem, as aometimea happens in tiie cu 




Vertical aection of the leaf of the Metnn 
jj, Papillie or hairs ; e », Superior epidermi- 






Hon ot parencnyma; i ei m, intcrcBimJBr pase«^e«i/o, i™.;- 
vuculu bundles ; pi. Looser patenchjmB; «<, Interior epidnwl' 

of roots. Histologically, the leaf is similar to the ste 
and no definite boundary can be fonnd between tbeti 
inasmnch aa both arise irom the yet on differentiated o 
Inlar tisane. The fibro-vaacular bnndlea of which I 
skeleton of the leaf conaista are best seen on the mi 
enrface of the lea.f. Towa,tdB their termination theyrft 
coaaiat of proBeac'hytiia\icma'idi*Qii.'^- Tub -^anftMhti 
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s leaf _ is very locxe, and contMns large mteroellular 
I, which communicate with the onter air throa|{h 
tomata. These stomata are nsutillj most numerons 
e under aarfoce o( the leaf. In submerged plants 
tre usually absent, aa thej also are on the imder 
XB of floating leaves. 

(Tea at first grow like shoots at their free extremities, 
I a rule their growth ie diatioctly limited. There is 
in interatitiw growth for some time, bat that is 
aated by a permanent difierontiation of the cells of 
Fie. 268 




iektrix forming ; e, FulTinui. 

rowing organ. Leaf structures maj assome form^ 
inlike ordisaiT leaves. 

) hardness of leaves depends chiefi; upon hardening 
hickening of their epidermal cells, as in the HoUv, 
All the cells of the leaf uauallj contain chlorophyll. 
LHTS, BBFAiiS, and FEIAI.S are constructed on the same 
as leaves, but want many of the fibro-vaacular 
es. What tibro- vascular bundles they do contaii 
f consist of spiral vessels. The ceWe oi \.V» >^\ciiu^ 
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parta contain not galid i/raine of ehlorophijU, but unriwi 
coloiiTed jliiide, called Chrotnitle, The arrangeineDi of 
the veina in tbe aepala and petals nsaally agrees witli 
that of the leaves. Stomata are rarer on eepals, m1 
especially petals, than oa the leaves ; when seen tiej ik 
moat fraquentlj on the lower or onter Hnrface. In tliBf 
earliest stage, sepals and petals consist of little pio 
jections of cellular tissnei free and of eqnal size, whsttrar 
thej may afterwards become. Sometimes the stameii 
appear before the petab, though nearer the organic apM 
of the plant. 

Stamens akd Pollen. 

Stamens or staminal leaves consist like other ItJ- 
stmcturea of fibro-vascular bnndlea, of parenchyniEi, and 
epidermis, only the fibro-vaacnlar bnndle is redaoed is 
most cases to the condition of a few spiral vessels, and * 




Vertifd section of younu anther, a (, Eriemal oellulM IJwii 
becoming epidermii ; » i. Internal cellidar tiuiia, put of wkid 
goea to lonn the pollen. 

part of the parenchyma is modified into what is tennri 
pollen. This is the apecific product of the atamen. 

Stamens originate like leaves aa small cellnlar pw- 
tuherancea from the growing aiis of the plant nsnJlj' 
after the appearance of the corolla, bat very often Hnj 
erow much faster. The anther lobea appear first, »ftar 
fiieni the filament which grows mainly by interceUnli' 
growth. The yotma a\a.men9 consist entirely of nndif- 
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idennia difFering but Blif;l)t1y (Fig. 289) from ths 
nternal. By-itnd-by in ttio uppur piirt of those 
It, that is in the anthorB, the ccntriil cells begin to 
. Four seta of cells lire formed by a. stronger growth 
wer diTieion. These colls, which aro larger than the 

are grouped in two diviaiona on either side of the 

tire and conatituto the primary mothor culln of the 

They are surrounded by a smuil cull growth, 

letinoKt layer of whioh forms a kind of epidermis 

inner covering of the poUon sac (Fig. i!^0). 

Flo. sao. 
CTTT cl CI ce 



itthepollun 

larffe mother colls gonerally dovelope a thicker coat 
sual. ond may bocon o qu to separate Their pro- 
n is roundtd ol! w tl n thum and their nncleus 
ears, Ult matuly four trnsh nuclei make their ap- 
ice, and the protoplasm divides — with ingrowth of 
llutose uoat of the cell — into four separate masBes 
91) united into one tetrahedron. Each of the con- 

Krotoplasmic masses forinx for itself a new call 
ich ai'torwardij becomes thick and splits into 
lyets, the actine an<l intine, or outpr and inner 
ig of the pollen grain (Fig. 2il2). Tho eitine is 
f covered with knobs or spines, and often leavet 
ODCovored or with thinned walls. It bQdi:^«h 
oouverted iuta cuticle j the mtme » ol (^-<)\fi«tt. 
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From it is developed tlie pollen tube. By the destniction 
of the walls of the mother cell, the pollen grains are set 
at liberty and soon fill up the space devoted to them. 
Their contents consist of a coarse protoplasm with somd 
starch and oil. It is termed the FoviUa. The eztme iB 
usually covered with an oily viscid substance whidi 

Fio. 291. 
c ir 




Motlier cells and pollen grains, c m, Mother cell, p, Pollen gnii>< 

makes it the more readily adhere to any object wilih 
which it is brought in contact. 

Towards the time when the pollen is ripe, the waDa of 
the pollen sacs undergo change. The external coating 

Fio. 292. 




Pollen grain buisting. e, Extine; i, Intme^y; FoviUa. 

of the anther or epidermis (termed Exothecium) remains 
smooUi, but the cells of the internal layer, or Endotiieciamf 
if the anther is pre^arin^ to burst, undergo change> 
Wlien the poUeu la lipe the anther walls ruptoie, ud 
^ the pollen escapes. 
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The anther cells, originally four in number, are before 
khis time usually reduced to two or even one by the 
rupture of their cell walls. Occasionally too, the walls 
of the mother cells do not allow of the perfect escape 
of the pollen grains which are thus retained in bundles 
termed poUinia. Such are common in the Orchid family. 
In Asclepiads the pollen grains are bound together by a 
waxy substance. 

Carpels. 

All carpeUary leaves, like ordinary leaves, are composed 
Df cellular tissue, or parenchyma, contain fibro-vascular 
bundles, and are lined without and within with epidermis. 
In the style, the fibro-vascular bundles occupy the peri- 
phery, not the centre. The centre of the style is occupied 
py a spong;y tissue or loose parenchyma, called the 
ionductvng tisevs. At its summit the style expands into 
the stigma, which is not covered by an epidermis. 

From the fibro-vascular part of the placenta, a thin 
bundle of spiral vessels passes to the ovule. This is 
sailed the Ohalaza. The ovule has already been described, 
md the process of fecundation will be so at a subsequent 
itage. 
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SECTION II. 

THE PHYSIOLOGY OF PLANTS. 

CHAPTER I. 

CHEMICAL CONSTITUENTS OF PLANTS AND THBIE 

SOURCES. 

To enable one to study tlie functions, that is the yarions 
processes carried on in living beings, and the changes 
which different substances undergo to fit them Tar 
nourishing or reproducing the plant, a knowledge d 
chemistry is absolutely necessary. Nor is the subject of 
vegetable chemistry of importance from a theoretical point 
of view only, for it forms a fitting introduction to the far 
more complex study of animal chemistry. Moreover, it 
supplies the agriculturist with information as to what 
crop will best suit a particular soil, or vice versd, and 
what manure will be best suited to a given soil or crop. 

The constituents of plants may be divided into two 
grand groups, Itiorganic and Organic — the former com- 
mon to them with all the other kingdoms of natuie 
as they are called, the latter peculiar to them with animalB, 
or to themselves alone. 

As a rule, the Inorganic constituents of plants are 
binary compounds, whilst the Organic consist of terMXH ,j 
or quaternary combinations of chemical elements, though 
this rule is far from being absolute. Inorganic com- 
pounds may be produced artificiallyj whilst oiganic 
bodies require the intei-vention of life for their formation. 
Org-anic compounds msj^ b^ destroyed by a high tem- 
perature and are liable to T^xx^it^l^^NKa^. tjiRkt^gajiic sub- | 
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».nces are incombustible, thougb tbey may be altered 
f heat, and may even be formed by heat, They are not 
able to putrefaction. 

A. Inoeganic Bodies pound in Plants. 

The more important of the inorganic constituents of 
ianta are as follows : — 

SuLPHTJB (S), a« Sulphatee combined with various bases. 

Phosphorus (P), as Phosphates also in combination 

ith va/rious bases. 

Silicon (Si), as Silica, or as Silicates. 

Potassium (K), in combination with acids. 

Sodium (Na), in combination with acids. 

Magnesium (Mg), in combination with acids. 

Calcium (Ca), in combination with acids. 

Chlorine (01), in combination as Chlorides. 

foDiNE (I), ia combination as Iodides, 

Iron and Manganese also exist in small quantities in 
»me plants. 

Bromine and Fluorine, as Bromides and Fluorides, 
ist in very small proportions in a few plants. 
Aluminum, in the form of alum, has been detected as a 
•nstituent, but apparently an accidental one, of one or 
ro vegetables only. 

The inorganic constituents, though small in quantity as 
mpared with the organic, are still of considerable im- 
)rtance in the vegetable economy. Both sulphur and 
losphorus are essential constituents of albuminous oom- 
>unds. 

All plants do not contain the same chemical com- 
)und8, nor does the same plant when grown in different 
bnations yield ashes of the same composition. Thus 
icais present in large quantity in the stems of Grasses, 
bile in leguminous plants it is very scanty. Phosphates 
cur chieny in seeds, while they may be almost entirely 
ranting' in the stems of the same plants. Lime abounds 
the stems of leguminous plants, while in those of 
"asses it is very deficient, and there is more in the bark 
2U1 in the wood of trees, being replaced in the latter 
kiation by soda and potash, more especially the latter. 
ants which usuallv contain soda when gco^ix. Ti^^x \}ei^ 
a, may yield potaah when grown inland, iionft V^ iXsviSk- 

B 2 
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dant in most plants ; as phosphate of lime it oocnn in 
the seeds of cereals, as sulphate and carbonate it is foand 
in Characesa, and as oxalate in the form of raphides in 
many plants. Silica occurs chiefly in the GrasMS, 
Equisetacesa, and DiatomacesB. Iodine is found in maiiofi 
plants only. 

B. Organic Constituents. 

The organic constituents, or the combustible part of 
plants, consist of Carbon, Hydrogen, and Oxygen, with 
Nitrogen combined in various proportions. 

Vegetable organic compounds are accordingly bhV- 
divided into two groups — viz., the Azotized or Nmo- 
GENOus, and the Non-Azotized or NoN-KiTBOGE»ooa, 
characterised by the presence or absence of Nitrogen. 

Carbon. — Of all the elements found in plants, Carhm is 
by far the most constant and the most abundant. Com- 
bined with Oxygen in the form of Carbonic Acid, it existB 
in the atmosphere, whence it is abstracted by Hving 
plants, the Carbon being fixed by them, and the Oxygcni 
being set free. When wood decays or bums the process is 
reversed, and the Carbon becomes converted into Carbonic 
Acid. By the decay of plants what is called vegetallU 
mould is produced, which, though it cannot itself be ab- 
sorbed by plants, yet acts as a medium for the abstraction 
of substances from the atmosphere, which can afterwards 
be absorbed by the plant. Of course such salts as the 
mould contains ready formed may become immediatdj 
available for the plant's use. 

Oxygen is another important constituent of y^etableB, 
but though it makes a large bulk in the estimation of 
their constituents, it exists mostly in the condition of 
Carbonic Acid and water. 

Hydrogen also exists chiefly as water, though it occnrs 
in other combinations, as with Carbon in the form of &t8, 
oils, &c. 

The substances which in addition to Carbon, Hydrogen* 
and Oxygen, contain Nitrogen, are termed Azotuei 
They usually contain besides these, certain proportions 
of Sulphur and Phosphorus. The type of this class d 
constituents is Albumen. 

The next in importance is vegetable fibrin, seen in tb^ 
gluten of wheat, and '^e^et^ble casein, represented lij 
the Legumen of puVae. T^\i^ ^oixac.^ ^1 \Jqa "S^itrogen i» 
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18 supposed to be Ammonia, which, in combination 
rtain acids, is chiefly absorbed by the roots. 
) maintain, though incorrectly, that plants have 
ver of abstracting Nitrogen directly Irom the at- 
re; others, with greater reason, nold that the 
)urce of nitrogen is the nitrates and ammoniacal 
inds contained in the soil. Nitrogenized com- 
are found wherever protoplasm exists, but they are 
specially abandant in the seed, and in the outer 
than the inner portion of the seed. Hence it is 
own bread, or bread containing the outer part of 
in of wheat, has really more iiesh-forming mate- 
it than the pure white bread, which consists 
entirely of starch. 

Soils. 

ig, that all plants do not abstract the same sub- 
from the soil, and seeing also that the constitu- 
soils varies, it follows that some plants will be 
suited to one kind of soil than others would be. 
) atmospheric food is tolerably uniformly dis- 
d, and not so much under control as the earth is, 
iculturist directs his attention solely to the latter. 
Lost important constituents of soils are »and or 
day or aiUcate of alumina ; li/me^ chiefly as ca/T' 
; and vegetable mould. These exist in varying 
bions, and it is the business of the farmer to select 
op which will best suit his soil ; or to supply any 
soil with the elements it most wants. This he 
lieflj by means of manures, but also by mixing one 
I soil with another. 

it is termed a loamy soil is a mixture of sand, clay, 
nd vegetable mould in varying proportions, and is 
5t suited for all kinds of crops. Should any one 
►f crop be repeatedly grown on any soil, however 
it must ultimately abstract all the matter avail- 
•r this particular kind of crop from this soil, leaving 
ren, though only with reference to this one crop, 
i another kind of crop be substituted its growui 
be quite vigorous and the result highly satis- 
f . On this principle is founded what is called the 
1 of the Rotation of Cropg, 
sals chieBf abstract sihca; beans ajiji c^ONerc'^x&i^S 



soluble aad available by it. Farm-yard manun 
all the ingredieots wanted in a soil, and act 
Special mannrea supply only one or two Bubstd 
as these may act only as solvents, they are moi 
eihaasted. The most valniible ingredients V 
'a, and phoaphateB. 
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CHAPTER II. 

MOLECULAR FORCES AND PLANT LIFE. 

Plants, like all other bodies, are composed of certain 
Qolecules yariouslj aggregated together, and subject to 
he action of various laws. As in all organized oeings, 
vater holds an important place in the constitution of 
)lant8. Addition oi water to their substance causes them 
;o swell, abstraction of it causes them to shrink. Hence, 
18 evaporation mainly, though not entirely, depends on 
iemperature, this, too, exercises an important influence on 
}lant life. Excess of evaporation may easily lead to con- 
litions incompatible with life. 

The series of phenomena associated with these changes 
ead to the belief that plants are composed, as already 
laid, of isolated molecules, and that the interstices 
between these are everywhere permeated by fluid These 
aolecules, like all others, are influenced by these various 
orces : Coheeion within themselvest Attraction for each 
ther, and Attraction for water. Absorbed water may 
lot be diffused equally in every direction, but only in 
ertain layers or strata running in given directions, so 
bat variation in its quantity at various spots may cause 
han^e of shape more in one direction than in another. 

It IS by means of these currents of fluid that nutrition 
1 accomplished. The nutrient fluids penetrate between 
he molecules and either add to their size, or lay down 
thers between them. This solidification of certain of 
he particles in the nutrient fluid leads to an alteration 
f its specific gravity, or rather of its osmotic e(juilibrium, 
nd so currents are set up which from opposite causes, 
ay from solution of these particles, may be reversed. 

Bodies which have an extreme attraction for water are 
ometimes termed Hygroscomo — a dried portion of the 
ballus of Laminaria furnisnes a good instance. The 
.uids which thus permeate the plant and nourish it have 
lus important characteristic, that the new substances 
hey carry are not identical with those they go to replace. 
?hu8 starch grains are not nourished by water CQTvtQ.m\si% 
^articles of Btarch, but by some Bub^tauci^^ c'^-^^^^^ ^H. 
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yielding the elements of starch. This process of con* 
stmction is of course a chemical process, and accor- 
dingly whilst it is ^oing on aQ parts are in a state of in- 
stability, an instability which is more or less constant 
throngn the life of tne plant, for the addition of fresli 
matter also implies in certain cases the removal of that 
which is effote. To effect this there must be a continnal 
flow of water and of air within the plant. The move- 
ments of the water are mainly effected by the necessities 
of growing cells, partly by eyaporation. The movements 
of gases are chiefly carried on in accordance with 
laws of the interchange of gases. 
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OHAPTEE III. 

PHTSIOLOGT OF THE 0BGAN8 OF NUTRITION, OB 

VEGETATION. 

I. The Boot. 

The chief fanctions fulfilled by the roots are — Ist, Fixing 
the plant if it penetrate the soil, or become attached to 
Miy stationary body ; 2nd, The absorption of nourish- 
ment already in a fluid state ; and 3rd, To act as a reser- 
f^oirof nourishment. 

Absorption, — ^The power of absorbing nourishment is 
i>088essed bj the root, more especially in its youngest 
jaarts where the epidermal cells are thin- walled, and in the 
ibrils which proceed from the older portions. After a 
ixne the outer covering makes way for a corky structure 
^hich more or less effectually resists the permeation of 
itiids. 

As plants are fixed to one spot, and cannot move about 
^ quest of their food, some compensating process must 
*Q at work to enable them to survive, when tiie soil imme- 
iately surrounding their bases is exhausted. This is 
flEected by the spreading of the roots themselves, and this 
hey always tend to do in the direction in which the 
Upply of nourishment is most abundant. As a rule, the 
Ooto extend as far as the branches spread, sometimes 
ven farther ; though the roots of some plants tend rather 
^> spread, whilst those of others tend to penetrate deeply 
^to the soil. When, therefore, a plant is watered, it 
hould not be immediately at the base of the stem, but at 
Ome distance from it ; and when a tree is to be trans- 
planted, the earth should be cut at such a distance from 
he stem as to secure the integrity of the younger fibres, 
©eing that they are the parts which are most necessary 
Or the nourishment of the plant. Hence, also, it is better 
p transplant in autumn or in early spring, when absorp- 
ion is not at all active, so that the plant nas a little time 
recover itself before being called upon for the more 
ctive performance of its functions. 

The meanB hjr which absorption is e&c\)fc^ \» V3 *Oaft 
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process of osmose, now fairly well understood. Accord- 
ingly what substances are taken np must be fluid. No 
matter, therefore, however much nutritive material a soil 
mav contain, if it be not in a soluble condition the groond 
will be barren. Nor are all substances, though equally 
soluble, equally absorbed, for plants appear to have to a 
certain extent the power of selecting the substances most 
suitable to their wants. This is seen when the roots of a 
plant are placed in a fluid containing various salts in solu- 
tion, for it will be found that one salt is taken up in much 
larger quantity than another. This selective power, how- 
ever, only exists as long as the roots are entire, for, 
should they be cut across, the salts will be absorbed in the 
same proportions. 

Some roots, more especially those that do not spread, 
serve as resewoi/rs of nourishmentf usually laid up in 
autumn for use during the following spriuj? and summer. 
The nourishment thus accumulated is chieny starch, as is 
seen in Dahlias and Orchids. 

Boots which do not penetrate the Soil may abstract 
nourishment from the air, as in many Orchi(U or from 
other plants, as the Dodder, Fungi, <fec. 

When roots have long drawn their nourishment from a 
given spot, they exhaust the soil of certain substances, 
leaving certain others abundant. A very good illustra- 
tion of this point is to bo had in the case of the Paiiy 
Rings, seen in old pastures. These rings are produced by 
a peculiar fungus, which completely exhausts the sou 
behind it of the products necessary for its own growth, 
and is therefore compelled to develop in a centrifogal 
manner. The fungi abstract nearly all the nourishment 
from the soil on which they grow, which is therefore barren 
of grass ; when, however, they decay, they restore the 
needful constituents to the soil, and the grass springs np 
more luxuriantly than ever. Should one ring meet an- 
other they will both break, as the soil over which either 
has passed is incapable of supporting the other. 

II. The Stem. 

The principal functions performed by the stem are— 

lat, The support of the other organs of nutrition, and the 

organs of reproductioii •, *Zvid, The conveyance upward of 

the crude sap and dowirw^ivi^ ol \)aa ^^vsta^ juice; 
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and, 3rd, The reception and storing away of the secretions 
peculiar to the plant. 

As the means of elevating the leaves and other organs 
into the air, the stem must attain a greater or less 
altitude. Sometimes it only reaches the surface of the 
soil, while at others it rises to the height of 200 or 300 
feet above the level of the ground, attaining also in some 
cases a proportional thickness. 

With regard to the functions of the various con- 
stituents of the stem, the pith seems originally to supply 
nourishment to the other parts of the plant, for at an 
early period its constituent cells contain protoplasm. 
These cell contents soon disappear, and the cells become 
empty, and their walls colourless. After a time, how- 
ever, they may again become reservoirs of nourishment, 
laid up for the future use of the plant. The layer of 
spiral vessels immediately surrounding the pith, and 
sometimes called the medulla.ry sheath^ appears, like other 
vessels of the kind, to contain air on ordmary occasions, 
but fluid when there is a greater supply of it than usual. 

The Wood. — In its young state the woody tissue ser\'es 
as the chief means of conveying the crude sap from the 
root to be elaborated by the leaves ; but in course of time 
the older prosenchymatous cells are filled up with 
secondary deposits, and become impermeable by fluids, 
though before this has taken place the new wood which 
has been produced serves as the medium of transmission. 
These different layers of woody tissue are distinguished 
as the Bv/ramen and Alburmi/m, The medullai-y raya 
which connect the bark with the pith also occasionally 
serve for the transmission of the sap. 

The Bark.— The grand function fulfilled by the bark is 
the i)rotection of the internal organs, but so long as it 
remains green it will act on the juices in the same way as 
the leaves and other green parts of the plant. The 
internal part of the bark is the medium through which 
the elaborated sap is transmitted downwards from the 
leaves. It also serves as a reservoir for secretions of 
importance, as alkaloids, resins, gummy matters, &c. 

With regard to the mode in which stems are formed, 
two opinions prevail. Du Petit Thouars and Gaudi- 
ohaud looked upon each plant as a compound individual, 
made up of a number of what they called Ph'i^tons. Tli^ 
tormer considered each bud as a phy ton., ^<i \aX.\«t V*^^ 
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that each leaf was one. As in the embryo two parts are 
seen, one part ascending to become the stem, another 
descendinfif to become the root, so, said they, each phyton 
consists of two parts, an ascending and a descending, but 
as the descending part or root cannot reach the ground 
immediately, it tries to do so by passing straight down 
on the outside of the wood and so inside the bark, and 
constitutes the woody fibres which go to increase tiie 
stems, as already described. This view has been main- 
tained more especially with regard to Palms, and those 
trees which, like the Pandanus, produce aerial roots. 
Wood, however, would seem to be produced not from 
above downwards, but rather, more especially in the case 
of Dicotyledons, laterally, in the manner already de- 
scribed. 

m. Leaves, 

The chief functions fulfilled by the leaves are — lBt,The 
absorption of necessarv fiuid ; 2nd, The exhalation of 
super fiuous fiuid ; 3rd, The absorption and exhalation of 
gases ; and 4th, The elaboration of the sap of the plant 
and the formation ofpeculiar secretions. 

1. Absorption of Fluid. — The power of absorbing fluid 
possessed oy leaves depends on the thickness of tha 
cuticular or corky changes in their epidermis, and the 
number of stomata in it. Accordingly, leaves can, as a 
rule, absorb most readily by their under surfaces where 
the cuticle and epidermis are thinnest, and the stomata are 
most numerous. Another powerful agent in retarding 
absorption is the presence of fatty or resinous matters in 
the superficial cells, and as tnese matters are most 
abundant in old epidermis, absorption does not take place 
so readily in the old as in the young tissues. When these 
peculiar matters are removed by any means, absorotion 
goes on much more rapidly. When the leaves atsoA 
moisture it is apt to pass into their spiral vessels, and 
displace the air which they usually contain. 

2. The Transpiration or Exhalation of Fluid, which 
takes place for the thickening of the vegetable juices, will 
be regulated by much the same laws as absorption, takniR 
place chiefly by the stomata and in those parts which 
Lave a thin epidermis, destitute of resinous mattefff 
especially along the Ti\)a. Another important regulating 
agent is the pieseiice ox «i)D^«iift^ ^"^ TsiKhs^vjoask \xl the at* 
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mospliere, for of oourse there will be a greater tendency 

to exhale fluid in a dry, than in a moist atmosphere. 

Nevertheless, some succulent plants can manage to live 

in very arid situations, a thick epidermis and few stomata 

preventing the transpiration of what fluid they can obtain 

nrom the soil. One most important influence brought to 

bear on transpiration seems, however, to be light; the 

brighter the light to which a plant is exposed the greater 

is ine amount of its transpiration. The light-giving rays 

of tiie solar spectrum seem to promote this more than the 

chemical rays. Plants grown in the dark are apt to 

become dropsical from the accumulation of fluid in their 

tissues, as the roots go on absorbing, though the leaves 

be giving out but little fluid. With the amount of light 

the thickness of the epidermis also varies so as to keep up, 

as much as possible, a proper eq[uilibrium. The fluid 

exhaled has a most important bearmg on the climate of a 

country, for where trees are very numerous the climate is 

moist, while the clearing away of large tracts of forest has 

brought aridity and sterility in its train. Some trees, 

however, seem to have the power of dr3ring the soil, and 

thus rendering marshy land inhabitable. The best 

txample of this is the action of Eucalyptus globulus. 

In some plants a very great amount of fluid is absorbed 

7 the roots, and secreted almost without change. In a 

m cases, as in the I'itcher plant, it is preserved in recep- 

cles for the purpose, but this fluid is not exactly tne 

me as that exhaled by the loaves, seeing that it contains 

rious saline and organic matters, whereas the other is 

re water. 

t. The Absorption cmd Exhalation of Oaeee, or Veget- 

) Beapvration. — This is chiefly carried on bv the 

es, the jB^asos acted on being chiefly Ca/rhonic Acxd and 

qen, With, according to some, a little Nitrogen, The 

\ conflicting notions on the subject have prevailed, but 

bllowing is the correct view. Leaves and other green 

\ of the plant, when exposed to the light, absorb 

nic acid. They fix carbon and discharge the oxygen. 

lants do not possess this power to the same extent* 

plants bein^f especially useful in forming oxygen. 

h transpiration so with respiration, the illuminating 

f the solar spectrum appear to be much more power- 

n the chemical in promoting this proce^^. 

ts Bbaorh carbonic acid, but Uiey alao ^^ox\^ 01:^^^^% 
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and this is usnally masked by tlie gteater amonnt of QxypjOi 
exhaled. The &rreen parts 6f plants in point of &*ct absoib 
carbon dioxide and fix the carbon, whilst the coloured 
parts reverse the process, absorbing oxygen and Arming 
carbonic acid just as animals do. The action of vegetables 
on the atmosphere is thus in the main antagonistic to that 
of animals. No better instance of this can be cited tiua 
the aquarium, where animal life must be' complemented 
by vegetable life, so that the balance in the prodactioii of 
oxygen and carbonic acid may be kept up and ooth animals 
and vegetables be able to flourish. 

The Elaboration of flie plant sajp, and the formation o! 
its various secretions and excretions, are effected in tke 
leaves bv the processes just described. Should by any 
means the leaves be destroyed or diseased, the cmde sap 
does not undergo the necessary change known as AssifM' 
lation, and is therefore incapable of nourishing the plant, 
or of forming wood or colouring matters. The same effect 
may be produced by depriving the leaves of light, or 
supplying it in insufficient quantities,- as is done in 
blancning celery. Owing to the absence of this necessary 
stimulus, the woody tissue is not properly developed, and 
thin-walled cells take the place of tne thickened fibres, 
rendering the plant more succulent and tender. Potatoes 
grown in a shady spot want starch and are very watery. 
Trees grown in a thick plantation are comparatively feeble 
and produce bad timber. 

The effect of gases on leaves or on vegetation generally 
is elsewhere described. Some gases, as hydrogen, nitro- 
gen, oxygen, and nitrous oxide, appear to be innocuons, or 
at least act prejudicially only in as far as they cannot 
supply the carbonic acid necessary for the welfare of 
plants. Even carbonic acid in too gi*eat quantity becomes 
prejudicial, though some of the lower plants survive for a 
time in an atmosphere containing a very large proportion 
of it. Certain gases, as hydrochloric and sulpnurons 
acids, are excessively destructive, proving injurious in 
quantities far too small to be detected by any of the 
senses. They begin by attacking the tips of the leaves, 
and afterwards seize upon the stalks, shrivelling them 
and turning them greyish. Other gases, as sulphuretted 
hydrogen, cyanogen, carbonic oxide, and carburetted 
jfaydrogen, though ecvciaWy destructive, act in a different 
manner, producing ^accidity aii^ ^^^*0q. '^SJOsvws^ ^jiy alte- 
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ration of colour. As .sncli ji^ascs nboTind in tlic atmo- 
Bphere of all lar^o cities, delicate plantB will not thrive 
there. To overcome ihiH difficnltv chwh arc now commonly 
used fitting doHcly on to a Htana wliich containH Koil, and 
bv this moans ptjoplc ar« al^lo to cultivate plants in 
toe smokiest parts of London. 'J'ho planlH are well 
watered when they are i)lantc(l, and the ghiKs prevents 
its vapoar from escaping when exhaled, ho that it is con- 
densea on the glass and nMihsorhed by the plants. Tlie 
glass cover keeps ofP all dust and Hmok<% while the air 
within the case is slowly chanf^cd l)y th(5 narrow pasHage 
existinfj^ between the ghiHs and the box, for thongh cloHcly 
fitting it is not hermetically sealed, liy means of these 
cases young plants have Ixjen convoyed from one country 
to another, as in the case of the Cinchona plants from 
South America to India and Java. 

Colftration of LaaiwH. — Thegreim colour of leaves depends 
on the formation of chlorophyll, as formerly exj)lained, 
and as light is necessary for the formation of this sub- 
stance, plants kept in tlie dark are always ])ale in hue. 
A short ex])Osure of blanched plants trj the rays of 
the sun, or even to diffuso daylight, Huflices for the for- 
mation of the green colouring matter; this, however, 
maybe mude to disappear again by rei)lacing them in the 
dark. 

In some plants the procesH of blanching is attended by 
the formation of a»para(jln. T\w. changj^s of colours seen 
to take place in autumn are owing, in ])art at leant, to the 
pzidaticm of the chloroj)liyn. Variegation of leaves is, 
in some instances, produced by cells e-ontaining air below 
the cuticle of the leaf; in others, by alterations in the 
Colouring matter. 

Ih'.fallat'wn^ or Fall of fhn Leaf. — At certain periods 
the leaves which have fuililhid their t<;rm of oifice fall off, 
B,nd mak<! way for young onc^s. When the hiaves are 
joint(Hl at their attaehment to the stein, thciy usually give 
Way there ; but in tiiose cases wIktc there is no articula- 
tion, as in many Monoe-otyleclons, they wither down, and 
fall bit by bit. Most of our trees hIkmI tlicMr leaves in 
(intmnn, but on some tluiy are persisl/i^nt for a considc'r- 
ablo h'ngtii of time after. In v/arm climates they usujilly 
fall during the dry season. When leaves fall off imme- 
diately on tiie (expansion of the leaf-bn<l they an^ said to 
bo caducouB; when in autumn, tlcculaoTW, \N\\vi\L vi^Jv*st 
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tbe lapse of a longer period, fenistent Plants liavmg 
persistent leaves, lasting over winter, are called evergreens. 
As to the fall of the leaf, the canse most frequently 
assigned is blocking np the cells with inoreanic matters 
deposited from the viscid sap, or relative diianges in the 
amount of their cell sap. A small groove (the joint) is 
seen at the point where the leaf is attached to the stem 
(Fig. 288), which sraduaUj deepens till the stalk is almost 
cat through, and tne slightest impulse is sufficient to break 
it off. The form of the cicatrix left behind is importantt 
as furnishing characters in fossil plants. 
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CHAPTER IV. 

CIUCULATION OF THE SAP. 

trly spring, when plants begin to recover from their 
3r letbargy, the roots, which so often contain starch}- 
er, partake in the renewed activity. By the action 
le vegetable fibrin or diastase contained m them, the 
h is converted first into dextrin, then into sugar. 
kr being soluble, though starch is not, the density of 
ell contents is increased, and a process of endosmose 
) up, by which the fluids in the soil pass into the 
ior of the plant. Simultaneously with this in- 
ed activity of the root there is a iresh accession of 
ir to the upper part of the plant. Exhalation be- 
8 more active, so that the contents of the cells in 
part acc[uire a greater density than in those below, 
g to which there is a tendency of the sap to pass 
krds. In spring, when the sap is abundant, and fills 
le vessels, capillaiy attraction mav have something 
' with the ascent of fluid, for though capillary vessels 
lever of themselves produce a through current, vet 
will always raise fluids to a certain height, ana if 
I fluids be continually removed from this level by 
Dration, or by any other means, an upward current 
be the result. By exhalation the fluid in the spiral 
Is is jN^ot rid of, and its place taken by air, but in 

climbing plants its presence in those vessels is per- 
int. Gases, chiefly carbonic acid and oxygen, are 
lined in the ascending sap. 

to the route ]jur8uod hy the ascending and the 
nding sap, various opinions prevail. In ccllnlar 
«, as Fungi, no definite route is adopted, but in 
gens the ascending sap appears to follow the route 
le fibro-vascular bundles, though not contained in 
piral and scalariform vesHcls of which these bundles 
artially composed. In Monocotylod(ms the sap also 
ars to follow the course of the individual bundles in 
bed currents, and as the bundles are curved, the sap 
a>r8 to pass upwards in a similar direction. The 
channels of ascent are the elongaledL (^c^\l*& ^Mxt^->QS^<^ 

8 
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ing the spiral vessels. Sap for the nourishment of the 
plant mnst pass through all kinds of tissues. 

The chiei channels by which the crude sap ascends in 
Dicotyledons are the young fibro-vascnlar bundles. 

During early spring some plant9, as the Vine, are very 
liable to what is called bleedmg, tiiat is, to the escape of 
the vegetable sap. After the leaves are fully formed, 
and the regular currents are properly established, this 
does not occur. When the sap reacnes the leaves it is 
acted upon by the light and air in the manner already 
described, and the elaborated sap begins to descenid, hi 
as to the exact mode of descent various opinions aie at 
tertained. All are agreed that the chief agent of down- 
ward transmission is the bark, and laticiferous vesadi. 
From the bark elaborated juices are also conveyed in- 
wards by means of the medullary rays. As to the canse 
of the descent of the sap, nothing is really known, thoogii 
it is certain that in Dicotyledons a downward current 
really takes place. A practical application of this knoir^ 
ledge is seen in the " ringing'' of fruit trees ; -i.e., depiir- 
ing them of a circular slip of bark, which prevents the 
descent of the sap, and thereby favours the production 
of fruit on the part above. 

The means adopted for discovering the rapidity of the 
ascent of the sap are by causing the plant to take up ft 
substance which would be easily recognised by somfl 
chemical reaction, as ferrocyanide of potassium, which 
with a persalt of iron forms Prussian blue, and taking 
portions of the sap from the trunk at different heights, 
noting at what time it first gives a reaction. Heat, hghti 
and moisture appear to be the most powerful agents in 
favouring the circulation of sap in plants. In some 
plants, the force of the ascending sap is very great I* 
one experiment, Hales found it capable of sustaining a 
column of mercury thirty-eight inches high in a curved 
glass tube. 



1 



259 



CHAPTER V. 

PHTSIOLOGT OF THE FLORAL ENVELOPES. 

^HB green parts of the flower have exactly tHe Bame 
mctionB as leaves, with, in addition, that of protecting 
16 tender organs internal to them. They absorb car- 
ynic acid and give ont oxygen, but the coloured portions 
Morb oxygen and evolve carbonic acid. By this means 
16 Btarch, so often present in the receptacle of the 
>w6r8, is oxidized and converted into sugar, which 
fords nourishment for the essential organs. This pro- 
ves is, therefore, more marked in the case of perfect than 
L imperfect or neutral flowers. 

Evolution of Heat. — As a natural consequence of this 
ddation flowers evolve heat, but as the process is gra- 
lal, and the exposed surfaces large, it passes off into the 
irronnding atmosphere in an imperceptible manner. 
Hiere, however, the heat is coniined, as by the spathos 
I the Arum family, the temperature has been observed 
) rise from 16° to 60° Fahr. above that of the air sur- 
>tinding the plant. The evolution of heat is increased 
Y placing the plant in oxvgen gas. 

Am to the age at which plants produce flowers, some 
B6 from the seed, produce flowers, and die in a single 
sason, hence termed annuals (©) ; others only increase 
I size during the first year, but produce flowers, and 
len decay during the second, and are called hienniaU (S); 
'bile a third kind continues to produce flowers for several 
ears in succession, and are termed perennials (%). Some 
lants, more especially Agaves, do not flower till after 
lany years, and, apparently exhausted by the process, 
ie immediately after the fruit is matured. Different 
owers appear at different seasons, and expanding with 
3lerable regularity, constitute a sort of ''Floral Ca- 
3ndar." 

Not only is there considerable variety as to the period 
t which dowers first make their appearance, but in those 
rhich close up during the niglit, there are also variations 
a to the period of the day at which they expand again, 
iome open early in the morning, otheta ^ isii^^s^^vs^ 
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others still in the evening. The Compositas are remark- 
able for their tendency to open and shut. Linnseus ob- 
served this phenomenon, and selected plants eDOugli to 
constitute a floral clock. Some plants reverse the ordi- 
nary current of events, and remain closed during the day, 
opening at night only. As to the cause of these move- 
ments, light and heat ore the principal agents. 

The Colowr of Flowers, 

The part of the flower most frequently coloured is the 
corolla, but occasionally the calyx and bracts are so also. 
The colour of the flower is extremely variable, and ifl, 
therefore, of little use as a specific character, except 
among the lower plants, as Fungi and AlgsB. Yarioos 
attempts have been made to classify the shades of coloor 
observed in plants, and thus render them more useful in 
systematic botany. 

Cultivation has a very powerful effect in modifying the 
colours of flowers, but all the changes take place witiiin 
certain definite limits. According to De Candolle, there 
are two series — a Yellow, or Vanillic, and a Blue, or 
Cyanic ; these merge into each other imperceptibly, but 
if a plant belong to one series, say yellow, it can never be 
made to turn blue, and vice-verad. Thus a blue Eose and 
a yellow Geranium are unknown in Horticulture. This 
rule is not absolute, still it is of very general application. 

The Odour of Flowers, 

The smell of flowers is due to some volatile oil, or a reein 
dissolved in oil, and is usually given out most readily 
on exposure to sunlight, though in some cases, on the 
other hand, it is only developed during the night In 
the latter class the evolution of the odour is often inte^ 
mittent. It often happens that the least showy flowers 
are most aromatic. Flowers of an orange or brown hue 
often evolve a foetid odour. 
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CHAPTEB VI. 

TUKCnOSS OF THE KEFBODUCTIVE ORGANS. 

Pbom a very early period the existence of distinct sexnal 
organs in plants hsis been known, and the knowledge prac- 
tically employed, for the application of clusters of male 
flowers to female fibwers was had recourse to in Egypt 
many centuries ago to insure the fertility of the Date 
Palm. At that time small flies were supposed to be the 
active agents in effecting fecundation. Up to the time of 
Grew nothing was known with regard to the relative func- 
tions of stamens and pistils, nor was it till the time of 
LinnsBus that the subject received the attention it de- 
served, and it was not till a much later date that the 
exact relation of the pollen grains to the ovule and 
embryo was made out. 

Some female flowers seem occasionally to produce fruit 
without the agency of pollen, but in most cases such pro- 
duction is onl^r apparent, fecundation having been eflected 
by pollen carried from a distance. Occasionally it arises 
m>m flowers, which usually produce pistils only, giving 
rise to stamens. Some instances of real Pa/rthenogenesia 
occur, but they are very few, one of the most noticeable 
l)eing the case of the CcBlobogyne, a Euphorbiaceous 
plant. 

To insure the application of the pollen to the stigma, 
the relative lengths of the stamens and style vary with 
the character of the flower whether erect or pendulous ; 
the stamens bein^ longer than the style in the former 
Icind, but shorter m the latter. In some plants, as the 
Nettle, the anthers burst with considerable force, scatter- 
ing the pollen in every direction. Insects are most im- 
portant agents in the fecundation of plants; they are 
attracted te the flower either by its peculiar shape, as in 
some Orchids, or by the presence of sugar at the base of 
the petals, and in searching for it rub off some pollen 
which they convey to the flower they next visit. 

Pollen grains must be kept from contact with water, to 
prevent their premature rupture. This is effected b>j t\sA 
doBure or inversion of the nower duTmgTa\Ti,%.TA\X3L\£iRi!^ 
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water-plants by the elevation of the blossom above water. 
Pollen, when long kept, becomes incapable of fecundating 
the ovule, but the period at which it becomes inert is ver^ 
various. In some plants — as the Tobacco plant— it 
becomes useless in forty-eight hours, while in other cases, 
as the Date Palm, pollen kept for eighteen years has been 
successfully used for the production of fruit. 

In some of the Coniferse enormous quantities of pollen 
are produced, and being of a yellow colour, has given rise 
to the so-called sulphur showers. The great abundance 
of pollen in these and other instances is connected with 
the monoecious or dioecious character of their reprodnctiye 
organs, and the consequent difficulty of conveying enough 
pollen to insure fertilization. The amount of pollen 
required to fertilize a flower completely will vary with the 
number of ovules contained in the ovary, bnt allowance 
must always be made for some of the pollen grains not 
coming in contact with the ovule, even though applied to 
the stigma. In most cases the pollen pi^u^ by a 
single anther is quite sufficient to fertilize all the ovnles 
in the ovary, so that when more than one stamen is pre- 
sent it is only to insure the application of a sufficient 
quantity of pollen to the stigma. 

I. Eepkoduction among Ckyptogams. 

The manner in which Algae are reproduced is, though 
at first sight it may seem strange, better known than 
that in which it takesplace in the higher divisions of the 
vegetable kingdom. The reason is that here the process 
is to be found at its simplest, and that its study throws 
light on the more complex problems affecting reproduction 
in the higher groups of plants. Beproduction without 
any distinction of sex occurs in all Algse, but in many 
true sexual reproduction occurs. In a certain number we 
even find what is called alternation of generations— that 

•is, when a plant gives rise to a new growth, which is unKl* 
itself, but when the new ^owth developes a being waojx 
to its own parent. This may be formulated oSierwise. 
When the parent gives rise to a son unlike himselt but 
like the grandfather, whilst the son gives rise to oneunlito) 
himself, but like his father. Among Algae this commonly 

takes the form o£ ae^K^xaJL ^enaftration m one generatiou 

and asexual in \}a& nes^. 
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In aaexuol TcpToduution tho spomH may liu oitlinr 
BlotionloBB or mubilo. Tho moTiiiK <ir Hwunti Bjiiiroii in 
an; ciue Hoon Iubo thuir i>owor of muUuu : tliuy buutiiuii 
fixed, and begin to Hiirout. 

In Stiiual roproduutitm the coTiibinins cuIIh niny Iw 
either iiiiiiilar or diHgiiiiiluT. If tliu cuUh Ui nimilar, tliu 
procANH of uniting iHl4)rmfiil(?')n^r»Yi'iiM(Fit(.ttlUI); irdiN- 
similar, FnrtUisaium or Intptvi/iniliou. 'I'lui im'II Airnii'il 
by tho uikion uf two luljiumnt ucIIh (/i^giiHiKirt)) mily 
begins to aubdiviile und dovuliij) afttir a iiiiri"' "' -' ■' ' " 
uxudI Toproduotion thu uoinbitiiiiK <^ulb u 




OonjugmtiDg Alum (Z]>|picma). 

the product of thoir comliination, however variounly 
named, xoonor or Iut«r begiiiM U> diivulii]) tlio miw jilaiit 

Among Fungi botli hkxikiI niid aHitxurtl niiirtHhii'.tioii 
OoourH, but in Hiimo tho iiroeoHH in an yot littlii iiiiiUirHliHxl, 
Throughout tho grnui> tnii plun at roiirDiliintion in vwy 
Ttriej. Tho Hamu may be huuI of niuth of the irthur iHvi- 
■ioni uf Cryiitogama, tlio brief oiiuiiiunitiiiu ut which 
kind of proceaHUM wunld servo mi iiHuful iiiir[)tiMU. 

II. BkPBOUURTION AMONO TMK I'ltANKIUlHAHH. 

FhaaerogomoiiH iiliintH itru (liHtinguiHhi'd K^-j ^it.*!snwist, 
ttatrun* sud j>utiU, tho forniui \1tw\uA\u4 -^mUuu, '>a\% 
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latter onilesy which, when fertilized by the pollen, change 
into seeds containing an embryo. There is a considerable 
difference between uie mode of reproduction as seen in 
the GTmnodpenns and that of the Angiosperms, so thai 
the processes will be described separately; but as the 
pollen is produced in the same way in both, it will be ad- 
visable to treat of it first. 

Pollen, 

The anther, which is ultimately to form and contain 
the pollen, first app>ears as a small sessile, cellular pro- 
tuberance, afterwaras, in most cases, becoming stalked by 
the development of a filament. In its earliest condition 
the anther is perfectly solid. After a time the cellular 
mass in its interior becomes altered in two or more, 
usually in four spots, where a mass of very large cells are 
formed, each mass being surrounded by a layer of snMJler 
cells, which ultimately forms the lining membrane of each 
cell in the. anther. In many cases the two masses on 
either side of the connective, coalesce and constitute a 
single mass, so that the anther is bilocular, but in others 
they remain quite distinct, so that the anther possesses 
four cavities. 

The large cells just mentioned are what are called tiie 
parent, or mother cells, of the pollen, for each forms in its 
interior four other cells or bodies which are ultimately set 
free by the rupture of their mother cell, and constitute tiie 
pollen grains. In some cases the absorption of the special 
mother cells is not complete, so that the pollen grains 
remain connected the one with the other. The pollep 
masses of the Orchidacese appear to be connected in this 
manner. Each pollen grain possesses two coverings— an 
internal, termed Intine, which is continuous, and an 
outer, called Extine, which is usually ornamented by 
special markings, and always presents one or more slits, 
or pores, or thinnings in its walls. The contents of ^^ 
pollen grains go by the name oifovilla, and consist of oily 
matters, with granules, often starchy in their nature, thus 
presenting a marked contrast to the sperm cells of the 
higher Cryptogamia, which always contain a ciliated 
sperm atozoid. The pollen grains of Gymnosperms are 
not simple cells, but contain a number of minute cellular 
bodies, which collect m t\LQ ixAedor of each grain opposite 
the opening in. the extme. 
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In aD Fhanerogamia the ovule first appears as a small 
cdlolar protnbeiance from the placeatu, which graduall; 



Orthotropotu Oruls acd Coata Feenndated 

n^jjionuiii), /, Funicului; p, Oiule. 
niinuie, luE developed ; i, Becun- 
diiui, flmt dsTeloped; », Nueleiui 




Orthotropoui 

brjonal Twrle ; 1 1, Embijo 



expands and becomes the nucleus. At the earae time, it 
aoqnires certain coats (Fig. 204), the internal hein); first 
developed. These coata do not completulj cover tlie 




BDclens, bat leave a small orifice termed the miarop^le at 
its apex, ibrougb which the poUeu tube ma.-^ ^a»%. '^-t% 
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opening is sometimes formed by the inner coat only. 
When only one integoment is developed, this often be- 
comes thick and solid. 

In the interior of the nucleus one cell becomes greatly 
enlarged, and constitutes the embryo sac (Fig. 295). The 

Fio. 297. 




Vertical section of a Campylotropoos Ovule, 
n, Nucleus; i, Secundine; p, Primine; ch, Chakza. 

spot where the substance of the nucleus becomes coi- 
tmuous with its coverings is called the Chalaza (Fig. 296), 
and the organ which attaches the ovule to the placenta is 
the Podosperm or FtJi/nicvlus, 

A. The Repboduction op Gthnospebms. 

The ovules of the Gymnospermia (Pines and their alliefl) 
are not contained in cases but grow on the surfaces of an 
open carpel, so that the pollen has direct access to themi 
and they have only one coat except in the Podocarpeffl. 
The embryo sac is formed by the enlargement of a cell 
in the nucleus lining near its axis, and at some deptli 
from the apex. In Taxus several cells are formed, wt 
only one as a rule gives rise to the embryo sac. The 
nucleus of this cell is soon absorbed, whilst nuclei are 
formed in the surrounding protoplasm where cell forma- 
tion takes place round them. These cells unite and then 
divide so that the embryo sac is filled with a fine paren- 
chyma. Several embryo sacs may begin in one nucleus, 
but only one comes to maturity. Within the small cefled 
tissue arise the archegonia or corpuscula in varying 
numbers. The poUen tube penetrates the nuclens, 
and fertilizes the centxal Ci^ ^ ^'i ^stOty^^Q^dsim. The 
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pro-embryo is liere formed. Tlie cells of this are at first 
small, but certain of these develop, producing what are 
called suBvensors, which break through the central cell. 
Each of tnese suspensors may develop at its extremity 
the rudiment of an embryo. In this wa^ and also 
because several archegonia may be produced m the same 
ovule, more than one embryo may be produced. As a 
rule only one of these ever comes to maturity. 

B. The Eepboduction op Angiosperms. 

The embryo sac in Angiosperms consists of a single 
large cell surrounded by a small cell growth. Sometimes, 
but rarely, more than one embryo sac may be thus formed. 
As the embryo sac grows, its surrounding walls become 
thinner and thinner. The protoplasm of the embrvo sac 
also undergoes change, first vacuoles form iu it and then a 
laree sap cavity makes its appearance with masses of 
cells above and below. In tne apical mass of cells is 
found the embryonal or germinal vesicle (Fig. 296), from 
which the embryo is formed. Two embryonic vesicles 
are usually formed, but one may disappear even before 
fertilization. 

Fertilization is effected by one or other of the pollen 
grains which have reached the stigma. There they 
undergo a kind of germination, and the intine sends out 
a process which passes down through the conducting 
tissue of the style to the cavity of the ovarv (Figs. 29o 
and 299). Here the pollen tubes are guided in various 
ways to the micropyle of the ovule. Each ovule requires 
one pollen tube for its fertilization, but the number of 
pollen tubes generallv exceeds that of the ovules. 

Various periods elapse between the application of the 
pollen to the stigma and the fertilization of the ovule. 
Days, weeks, and even months may intervene between the 
two. In some instances the pollen tube attains an enor- 
mous length. It is at first slender, but may acquire 
thickened walls. Sometimes its channel also increases 
in diameter. 

The pollen tube may extend down to the embryo sac, 
or the embxTonal vesicle may rise to meet it. Most fre- 
quency the tube has to make its way through a portion 
of the tissue of the nucleus. The wall of this is often 
wei^, and may be pushed before t\iQ poW^^xi \^i^^« ^ 
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Canna perforation takes place. In any wa^ contact of 
the pollen tube witli the embrjooal Tesiole is all Uiat ii 




Tertical secMon of pistil of 'Mj- 
sODUm duriDg fecuodatioiii fi 
Follen ; t p, Pollen tube ; i (, n- 



necesBaty for fertilization. With that the fertilizing niV 
stance malcea its waj through the double wait into tlu 
interior of the embryonal veaicle, and the reprodndioii 
of a new beinjj begins. 

Three principal opinions have prevailed as to the ewA 
relations of the pollen tube to the embryo — viz., Sohleidro's 
Meyen's, and Amici's, which last is the one now nniTar- 
sally adopted. 

In 1837, Sckleiden bronght forward the opinion that, 
in the ovule, one coll was transtomied into an embryo 
sac, and was then giadnaWj fi\ied. up with the oelle wlieh 
oonstitnte the Etlbvunen ot ^« «a^', 'CiuK^'tWii^Jiim.tiilw 
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ssed down thronffli the style until it reached the ovule, 
lich it penetrated as far as the embryo sac ; that this 
turn was* also pierced, and that the point of the pollen 
be formed the rudiments of the embryo, while the other 
rt remained as its suspensor. This view, reversing as 
did all former notions as to the sexes of plants, received 
9 most vehement opposition, and the result has been 
complete refutation. 

Meyen, by examinin&f various species of Mesembnran- 
amums, conceived that there was an adhesion of the 
Uen tube to tho embryo sac, that a communication was 
rmed between them, and that the formation of an em- 
f o was consequent upon the discharge of some of the 
dtents of the pollen tube into the interior of the embryo 

3. 

AmicVs views, as confirmed by Mohl, are as follows : 
ifore the pollen tube reaches the ovule, certain changes 
ye taken place. When the pollen tube reaches the 
ibryonal vesicle, there is an interchange of their 
atents without any rupture of the embryo sac what- 
er. By this means the vesicle is fertilized. Such is 
d view usually entertained as to the mode of repro- 
ction in Phanerogams. 

The Embryo, 

Immediately after fertilization the nucleus of the 
ibryonal vesicle disappears, and in no long time the 
ibryonal vesicle acquires for itself a cellulose coat if it 
B not done so before. Usually the endosperm has begun 
form before fertilization, but if not it now rapidly 
0W8. The cells are at first spherical and unconnectea, 
d may form only a parietal layer in tho embryo sac, 
lich is filled with fiuid ; the best example of this on the 
*ge scale is the Cocoa-nut. Various modifications are 
m in different plants, in a few the endosperm is almost 
dimentary, but in most it fills to a greater or less 
tent the embryo sac. The remains of the ovular nucleus 
iy be retained, and become a reservoir of nourishment, 
us replacing the endosperm. In many Dicotyledons 
e cotyledons of the embryo become filled with nourish- 
3nt instead of having it in the form of endosperm, 
ich seeds are described as exalbuminous in contradis- 
Lction to those having an endoBperni 7T\n!(^ ^\^ ^-^Osj^t^ 
M albuminous. 
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The Embryo is not formed directly from the embryonal 
vesicle. The end of this last named body next the 
micropyle coaleaoes with the wail of the embryo sac, 
whilst that next the base of the ovnle lengthens and 
divides. In this way is formed what is termed the prO' 
embryo or more commonly the svsperMor. The bwer 
end of this enlarges and then subdivides, growing rapidlj 
so as to form a mass of small celled tissne, and this u 
the embryo. The various parts of the embryo plumnlei 
radicle, and cotyledons are soon shadowed forth, the 
radicle being directed towards the apex of the ovule. 
With the maturation of the embryo and its endosperm 
the seed is ripe and fit for reproduction. 

Hybridization. 

When the pollen of one species of plant is appHed to 
the stigma oi another closely allied to it, idioxdd nnpreg- 
nation take place, the resultmg individual will present a 
set of characters intermediate between those of l^e two 
parents ; not, however, an exactly equal mixture, for 
sometimes the male influence, sometimes that of the 
female, will be paramount. Such an individual is 
termed a Hybrid. Should the alliance have taken place, 
(which it very rarely does) between closely related geMfOf 
the new individual will be termed a bigener. The propa- 
gation of hybrids is rarely effected by seeds, as they 
always tend to revert to the original stock, and is usually 
effected by grafts or cuttings. Hybrids rarely occur in 
nature, being usually produced artificially. 
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CHAPTER YII. 

THE FEUIT. 

FTEB fecundation, certain changes are observable in the 
stil which end by converting it into what is called the 
rmt The fruit is never perfect except it contain seeds 
pable of germinating. Many of the fruits which are 
ost valued for food do not contain seeds, as is often the 
,86 with the orange, the vine, and the pine apple. Such 
edless fruit seems to be most frequently produced on 
d trees. The formation of perfect n-uit is tne crowning 
it of vegetable life, and many plants die as if from ex- 
rastion immediately after. Others, however, continue 
bear fruit year after year for very lonff periods. The 
rmer have been termed Monoca/rpiCf tne latter Pohf' 
Tpie plants. 

Many artifices are had recourse to for the purpose of 
iproving the quality, or increasing the quantity of 
oit on cultivated trees. Among these may be enu- 
erated the application of manure, prunine, ringing, and 
tinning, the last being employed when tne quantity of 
mng wood is too large for the tree to bear. 
Wnen in their young state, and so long as they retain 
green colour, fruits act on the atmosphere in the same 
ay as leaves. Frequently, however, as the fruit ripens, 
langes in colour take place, and the succulent rind may 
3Come hard and bony, as is seen in nuts. Simul- 
meously with these, other changes, which in some cases 
b least are of far greater importance to mankind, go on. 
ruits, which at first are tasteless, consisting mostly of 
3llular tissue or woody fibre, first become sour by the 
evelopment of such acids as the citric or malic, and 
fterwards sweet from the conversion of this into sugar, 
nd its partial neutralization by an alkali. Along with 
aese compounds the peculiar substances which give 
avour to fruits are developed. Another substance, 
Dund in fruits, is called pectic acid. This gives them 
beir power of forming a jelly. As to the time Tec\j»x^ 
3r the ripening of fruits no rule caii\)^\aA!i^Q^\i»^'^ 
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variations are so great. la most cases tlie period of 
ripening can be sliortened by the application ot heat as 
in forcing houses. Some fruits, as the medlar, are im- 
proved by what is called hletting — i.e,, ezposare to a 
moderate tempemture, after separation from the tree, 
till they attain a state intermediate between ripeness and 
putrefaction. 
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CHAPTER yni. 

THE SEED. 

When the seed is matnret it nsnally separates from the 
parent plant either with the fruit, or after the fruit has 
opened to permit its escape. Some plants ripen their 
wait underffroiind, and are called Hypocarpogean ; others, 
Eigain, prodace seeds having wings or hairs for support 
in the air while they are carried from one place to another 
by the wind. Streams and animals are also important 
agents in the scattering of seeds. To make up for the 
destruction, which is inevitable, most plants produce a 
great many more seeds than are absolutely necessary for 
the propagation of the species, in some instances the 
number being enormous, amounting, in the case of a 
single tobacco-plant, to upwards of -^,000. 

vitality of Seeds, — Some seeds must be sown almost 
immediately after ripening, or they will not germinate ; 
others may be kept tor indefinite periods without losing 
tihe same power. This power of germination is termed 
the "vitahty of seeds, and may have entirely dis- 
appeared witibout the seed having lost any of the pro- 
perties which fit it for food. Seeds having very delicate 
mteffuments do not keep well, while those possessing a 
hard covering may be preserved intact for a very long 
time. Leguminous seeds loni^ retain their vitalitv, those 
of Compositae and OrucifereB for a short period only. 

Seeds having oily albumen or containing much tannin 
keep very badly ; tnose which have no albumen, or that 
only of a mealy kind, may be preserved much longer. 
Such seeds as are properly ripened and well dried, keep 
better than those tnat have been gathered early, and in 
a moist condition. 

In transporting seeds from one country to another, 
two plans may be adopted — either they may, after proper 
drying, be exposed to the air, or they may be packed in a 
substance which does not attract moisture, and will, at 
the same time, hinder the access of the atmosphere. It 
is said that, when coated with wax, very delicate seeds 
may be conyeyed a great distance witi[i.ou\im\or^. 

T 
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Germination. 

TTh^Ti n ripe aieed is placed in proper conditions the 
l^Ir.^rv\^ hewznes MtiTe. enliurges, and bursts its surronnd- 
i:::c ir.t^'C'^nieQU. s^^^^ ^^^ ^ ^ ^^^ plant. Tiiis is 
rtiiVl iiF.KTtis\nox, ana the chief conditions necessaiy 
fvvr ii aw X^.ii^ «-.^j#/Hn?, and air or oxygen, while it is 
fl^T,^:;T>^^ bjr the ii?i#t^H4^e of light, and according to some, 
bv i^wvfSyfv., Some »eeds germinate before they leave 
tiM'ir |>jirt''r.:.. a» in the Mangrove, but this is nnnsnal. 

TH^e aa:.^::nt of fc^^i/ reqnired by germinating plants 
T;i^Tv« «rr>£tat.^: that which is most fayonrable to the 
niAwitV is a temperature of from 60° to 80° Fahr., 
thoxurh jv^TT.e tropical plants require a much greater 
anw.r.:« whi ^e some Crrptogams will germinate a yeiy 
l;:tV aK^re the tnviing point. 

Sv^ ior.jf »# s»«yls are kept dir they will not sprout, but 
when w,-4c6Tw*Y Tvmches thSpm tne embryo b^ins to deve- 
Kws Bv the absorption of water the cells of the seed 
K\vr.*.e \V,s;er.ded. and their integuments are ruptured, 
a«low;r,c the exit of the embryo. At the same time by 
the Aot;o^ o: t/.if a substance termed diastase (a sort w 
ten^u'^r,:'' is dereloixed, which couTerts the starch of the 
enxVrrv^ into dextrin, and grape sugar — substances 
OAivuVle of r.v^«r;shin£r the plant. 

To et!ec: these chauiies, orygen or air is necessaiy; 
«urK^«ic acid is civen off, an^ heat is evolved. When 
V»urU\i deeply in tie soil seeds do not germinate, but may 
lie do.m\Ar.t for many years till exposed to the proper 
Cv^Uxiiiions of ve^*tative growth. Substances which 
e\^^l\x» oxv^^n ftiTour germination. 

Seeds sptv^ut more readily in the dark than in the 
light*, and monf readily when in diffuse daylight than 
in direct sunli^rht* while the chemical rays of the B(Jar 
s(>ectrum favour germination more than light-^living 
rays. 

Opinions as to the beneficial effects to be derived from 
eUcfriK-iPj Tx\rx ct^nsiderably : probably a small amonnt 
is favourable to the development of the embrya 

The conditions most favourable to germmation ^ 

^^therefore, be deposition of the seeds at a moderate depth 

^^tai the soiL whicn should be well pulverized to allow the 

^Bmission of air, and. hinder the escape of heat and 

loifltiire, well drained to ^t^^^tjX. ^^gftwv&a\M«L of iftter ; 
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but with a sufficient supply of water for the wants of 
the seed and yonnff plant, and a certain amount of 
heat. Small seeds snould not he planted at so great a 
4epth as the larger ones. The tmie required for the 
germination of seeds varies greatly, being least in those 
which take up water most readily, and longest in such as 
have been dried and possess a dense coat. Soaking such 
seeds in water previous to sowing or planting consider- 
ably hastens the appearance of the embryo. 

Uermination of Monocotyledons, — In many Mono- 
cotyledons the embryo appears to have no distmction of 
parts, but looks a simple conical mass, almost truncated 
at the one extremity, taperine to the other, and with a 
slit towards its base. From the truncated extremity the 
adventitious roots are developed, and through the slit the 
plumule makes its appearance, while the tapering portion 
is the solitary cotyledon. The radicle itself is never 
developed to any extent, but from it are developed adven- 
titious roots, which pierce the outer covering of the 
radicle in the manner formerly described. Most mono- 
cotyledon ous seeds have a supply of albumen, which is 
usually, though not always, entirely absorbed; and in 
them the solitary cotyledon is partially or wholly re- 
tained within the seed-coat during the germinatio^. 

Qermmation of Dicotyledons. — The seeds of Dicotyle- 
dons have a supply of nourishment either in the embryo 
itself (especially m the cotyledons) or in the form of 
endosperm round about it. When such seeds begin to 
sprout, the radicle first makes its appearance at the 
foramen or micropyle, and then the cotyledons protrude. 
In some cases the cotyledons rise above grouud in the 
shape of leaves, when they are said to be epigeal ; in 
others, they remain below ground, and are termed hypo- 
geal. The plumule makes its appearance between the 
two cotyledons, which are sometimes so cut up as to 
make tne embryo appear polycotyledonoics, as in the 
Coniferae. The shape of the cotyledonary leaves bears 
no necessary relation to that of the true or vegetative 
leaves. 

Direction of the Boot and Stem, — ^Why the plumule 
should always grow upwards, and the radicle downwards, 
has never been properly explained. Some have assigned 
as the reason tnat the plumule always a^<bk^ \i^!\» ^:q.^ . 
dryness, the radicle moisture and daikueft^^ "W\» vdl\^^'^mmi^ 

T 2 
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l)een proved to be incorrect. Knight attributed it to 
^rravitation acting on the nutrient fluids, distribnted in a 
peculiar manner — viz., to the point of the radicle and the 
lower side of the plumule ; Dutrochet accounted for the 
phenomenon by gravitation of fluid taking place towards 
the lower suiface, and preventing endosmose. Alto- 
gether, little is really known as to the cause of this 
obscure though common phenomenon. 
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CHAPTER IX. 

DEVELOPMENT OP HEAT BY PLANTS, 

The development of heat by plants has already been al- 
luded to as tsJdns place in flowers, and during germina- 
tion. Besides tnis, however, in all probabditv other 
parts of plants have the power of evolving heat, from the 
absorption of oz^^en and its conversion into carbonic 
acid (carbon dioxide). 

The most marked production of heat is seen in ger- 
minating barley preparing for malt, and in the spadix of 
the Arum family auring fertilisation. Under the last 
named condition the temperature may rise as much as 
10° 0. or more. 

Phosphorescence op Plants. 

The himmosity of flowers is now considered rather 
questionable. T^Hiat appears to have been taken for it 
was the effect of brilliantly-coloured red or jrellow flowers 
on the eye. Some fungi, however, as Agaricus olearius, 
do appear to give out light. This ceases with the death 
of the plant. 

Motion in Plants. 

There is no chapter in vegetable physiology more inte- 
resting and more attractive than that which refers to 
motion in plants. Some of these forms of motion have 
already been discussed. Such are the movements of pro- 
toplasm as seen in individual cells, the motion of sap, &c. 
Here we refer to certain periodic movements, seen more 
especially in leaves and their modifications, and to those 
Boll more curious phenomena soon in the motions of the 
Sensitive plant, in Drosera, and Dionssa. Altogether 
there might be described throe forms of motion among 
plants : — 

Ist. One which might be described as aj^ontcmeous^ as 
occurring without any apparent stimulus. 

2nd. The well-known movements implied by whet v^ 
called the sleep of plants. Here the Bt\mv3\\x.% \]li Y<ft«^ *^oa 
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leaves or flowers open is probablj light, with ia some 
instancee heat, so that in tbe absence of these, as at night, 
the plants close or go to sleep. 

3ra. The motion doe to conetie»um, or to the vrritaUM 
bj tonch or otherwise, of some spot on the leaf, caneiog !t 
to close, as ia the Dionoea and Drosera. 

Of the first varietj we can eive no better eiample than 
that of the Desmodium or Heaysarum gjrana.the Indian 
Telegraph plant. 

In thta instance we have a compound leaf, the tennioal 
leaflet being very much larger than the two lateml ones 
(Fig. 300). These two lateral leaflets are snpported hj 

Fid. 300. 




slender petiolules, and at an ordinary temperatnre are in 
constant motion upwards and downwards, Eke the anna of 
the old telegraph or the more modern railway signal poles. 
These movements do not depend on light, but the great 
leaflet seems subject to its influence, occupying a mora or 
less horizontal position during the day, out 1 
flattened down to the stem at night. 
Of the second kind esamples are familiar enong 
more BO than in the leases o4 'tiui'^cjoil Sorrel (K 
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which at night become folded down to the stem or petiole. 
But here alio we have folding prodacad b^ other canees. 



whlj handling the stem or p-alling it up Siotf the 
KTOond, A similar phenomenon to the &Bt is seen in the 
loldisff of the flowerB oE the Wood Anemone when thej 
are pulled and carried in the hand. 

In most of these instances there can be little doubt 



pared with another set, compelling the row of tense cells 
to assume a carved instead of a straight position. This 
kind of phenomenon is best eiemphfied bj a c 




neni 
diffe 



Le«T«f of Oxslii sdeep. 

. iment in phjeics. Two bars of metal, which expand to 
Jifferent extents on the application of the same degree of 
heat, are securely faiitened to|/other so as to form a single 
bar, On applying heat to tne compound bar, the more 
expansible metelenands more rapidly than its neighbonr, 
but being fixed to the other doea not exnand in a straight 
direction, and consequently becomes tne oonveiity of a 
enrve. Such in all probabilitj is the explanation of many 
motions in plants where, howerer, water or cell-sap is the 
distending power. This, conpled with our knowledge of 
tike elasticity of cell-waUs, helps us to form some i<^ of 
the mode in which the problem may be solved, etrea. ia ihft 
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case of such sudden, complete, and extensive motion as 
may be seen on giving a sharp sHake to the Sensitive plant 
(Mimosa padica) (Fig. 302). 

In the third form of movement in plants as exhibited 
by DionsBa mnscipnla (Yenus Fl^-trap), and various 
species of Drosera, we have something mnch more won- 
derful and mnch more difBcnlt of nnderstanding. These 
plants really live on animal food, chiefly on flies and other 
msects which are attracted to tiiem. The unlucky animais 

Fio. 302. 




Sensitive plant — one of the oompoimd leaves folded np. 

reach a given spot, the irritation production by their feet 
or by their slight weight is sufficient to excite movement 
in tne unstable leaves, which suddenly close, and in so 
doing impale the wandering insect on a series of spines 
arranged apparently for the purpose. Not only so, but 
the leaf has the power of secreting a digestive flnid 
whereby the bodies of its prey are dissolved and probably 
converted into its own substance. Moreover, it has beep 
proved that in these movements, the same electric 
phenomena are manifested as take place in contracting 
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muBcle. This admits of clear and definite demonstra- 
tion.* We have in this instance to do with phenomena 
of a different kind in all probability — though this is not 
proved — from those seen m the otner instances of plant 
motion. Apparently they approximate much more to 
the protoplasmic movements seen in some of the Algao 
than to these, and by such protoplasmic movement we 
most meanwhile consent to explain the phenomena. 



* See Darwin's book on Inieotiyorous Plants. 
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VbOKTABLK NOSOLOOT, OR VEGETABLE PATHOLOGY. 



'1^1 kHh are few parts of Botany so interestmg to all as 
tlio UiKKASBS OF Pl-vnts, and yet we are almost entirdy 
i,]4Ui»ruut of tkem. To the medical man they are of im- 
poi'lt^uce. as showins; disease in its simplest condition ; to 
tho tu^ricnltari^t thov are of importance, as threatening to 
ruin his crops ; while the potato disease and the distross 
^hioh resulteil therefrom showed how important the 
subject was to the whole community. The principal 
diseases mav be classified nnder three very distinct heads— 
1st, Those dependent on abnormalities of the ordinary 
conditions of rentable life ; 2nd, Those dependent on 
causes siii>eradded to the ordinary conditions of vegetable 
life ; and oir^l. Diseases dependent on the attacks of animal 
and ve^table parasites. 

1. Di^ase^ ilejiendent on Abnormalities of the Ordina/ry 
ComUiioHif of \egetable Life. — When plants grow in a 
poor soil they become stunted, weak, and unnsimlly liable 
to disease. tVost often destroys plants in this climate, or 
renders them liable to other diseases. The period when it 
is most prejudicial is just after active vegetative life has 
commenced. Many plants will bear considerable variations 
of temperature and climate, though when ^rown in cold 
climates they may not produce substances like those pro* 
duced in warm, as is seen in Indian hemp, which in India 
produces a powerful medicinal resin, but none in this 
country. The health of plants depends more on the 
les of heat and cold endured at any spot than on 
temperature. The same is true as regards the 
of mankind, liencfc \»\i^ ^ox^ of any place is always 
>rtant guide \o ^"^ -natoc^ olSXa 0^m3>3^j^ ^^Menoe 
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of light also acts powerfully as a cause of disease, the 

Slants become pale and sickly-looking, the cells developed 
not harden, so that the tissues are soft and brittle. 
This is artificially imitated in the process termed blanch- 
ing. Too much heat often causes abortion of stamens and 
eistils, while too great absorption, when not counter- 
Eilanced by evaporation, causes dropsy ; when, again, 
evaporation is too great, defoliation takes place. Such a 
result often ensues from keeping plants improperly pro- 
tected in a warm room. 

2. Diseases from superadded Conditions. — As already 
noticed, certain gases act very injuriously on vegetables, 
as hydrochloric and sulphurous acids, and chlorine gas, 
as also hydrosulphuric acid, though acting in a different 
way. Substances may be absorbed by the roots, which 
will have the same prejudicial effect, as most of the 
mineral irritants, and some of the vegetable poisons. 

8. But by far the greatest number of the diseases to 
which plants are liable depend on pa/rasites, more espe- 
cially the vegetable ones. Of these parasitic diseases 
ftmgi are by far the most important sources ; their spores 
are so small, and readily float in the air. They are thus 
ready to seize on any plant which will afford them a 
proper nidus. They attack all parts of the plant, but 
different species attack different plants, or even different 
parts of tne same plant, and sometimes a considerable 
number produce similar effects on different plants. 

That disease of wheat known as Bimf., amut-hallSf or 
Peppercorn, is produced by a fungus (Uredo Caries, or 
U. foetida), which consists of little bundles of dark 
dobules attached to a mycelium. The spores have a 
fcetid odour. Steeping the grain in water and the use of 
alkalies have been recommended as a preventive and as 
a remedy. 

Smut or Dust-hrand is caused by another Uredo (Sege- 
tum), whose spores are not so large, and possess no 
foetid odour. When, the corn has been destroyed, this 
appears between the scales as a black powder. This 
disease is commonest in Oats. 

Rust is produced by Uredo rubigo : it attacks the stem 
leaf and chaff of grasses, producing yellow spots. Another 
srell-known disease is Mildew, produced by a fungus 
sailed Puccinia graminis. It attacks wheat, and q.^^^«.t^ 
io enter bj the stom&tsL in the coiit[\itioiL oi w^ot^. ^^*^ 
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fmigiis appears above the epidermis in the form of dnb- 
shaped clusters of spores. Sulphate of copper and 
common salt have been used as a pickle to prevent its 
appearance. Grain affected bj it floats in water, and 
this has been used as a means of separating the diseased 
portions, while scalding has been employed to destroy the 
fungus, though it does not affect the wheat itself. A 
kind of smut attacks Maize produced by a species of 
Ustilago (Maydis), which seizes upon almost every part 
of the plant. Other grasses are affected in like manner* 
Mildew of the Vine is produced by an Oidium. 

One of the most important of diseased grains is Ergots 
produced, more especially in unimpregnated rye, hy 
Gordyliceps purpurea. The grain is removed, and its 
place taken by the mycelium of this fungus. Ergot is a 
valuable medicine, but if bread made of rye containing 
much of it be long eaten it gives rise to serious diseases ci 
various kinds. 

As to the cause of the Potato disease, many opinKms 
prevail, all holding that a fungus is developed in the 
diseased tuber, but differing as to whether this is a cause 
or a consequence of the disease. The fundus is termed 
Botrytis infestans, and attacks all parts of tne plant very 
rapidly, beginning with the leaves, which assunie an 
appearance like uiose acted on by sulphurous acid or 
other irritant gases. 

Timber, whether alive or dead, when exposed to damp 
in a still atmosphere, is attacked by what is termed the 
l)ru Bot. The wood begins to decay, and thus fiur- 
nisnes a soil for the fungi, which are soon developed. 
The fungi are chiefly Merulius vastator, and Poljporus 
destructor. As soon as these be^n to develop, their 
mycelium spread with great rapidity, and depnves the 
wood cells of their contents, so that the wood becomes 
brittle. When wood is allowed to dry properly, and ex- 
posed freely to the air, it is not so likely to be attackei 
To preserve wood from this so called dry rot, various sub- 
stances, such as corrosive sublimate and creasote (as m 
creasoting railway sleepers), have been employed to 
coagulate the albumen contained in it. Chloride of zmc 
has also been used for the same purpose. Dodder, a 
phanerogamous parasite, often attacks flax and clover, 
and is very iniuiioua \ft tlaaxa.. 

Allusion can oniy \>e maAft\iet^\«iH5siSk\*^i that most 
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of the epidemic disorders attacking mankind are due to 
parasitic fangi. 

The disease which attacks wheat, known as Ear- cockle, 
is caused by small vibriones which make their way into 
the interior of the grain, which they entirely destroy, and 
replace by a cottony substance. Scalding water destroys 
the vibriones. Many insects are destructive to vegeta- 
tion — some, like the locust, destroying everything before 
them, others selecting one particular plant for their 
ravages. A species of Ceciaomya attacks wheat, and 
inflicts great injury on it. Aphides or plant-lice are found 
on almost every variety of plant, and increase with 
enormous rapidity; fortunately, they are destroyed in 
great numbers by the little beetle called the " Lady -bird." 
Cochineal is produced by a Coccus which attacks the 
Cactus plant, and galls by a Cynips or Diplolepis, which 
deposits its eggs on the oak. Besides these, an almost 
infinite variety of insects infest vegetables, and many 

Erove very destructive, though few are so much so as the 
irvBB of a beetle called Elater, the well-known and 
dreaded "Wireworm." This animal is cylindrical in 
shape, of a yellowish colour, marked with rings, and 
havmg a hara skin. A crop of white mustard appears to 
have the power of destroymg them, but crows are thoir 
prime enemies. 

Such extensive and important subjects as the silkworm 
disease, the vine disease, and the decay of vines can be 
only referred to in passing. 
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SYSTEMATIC BOTANY. 
PKINCIPLE8 OP CLASSIPICATION. 

To arrange the endless variely of plants existing all over 
the world into groups marked by some common characteT, 
is the aim of Systematic Botany. This purpose may be 
effected in two ways — 1st, either some prominent cha- 
racter is selected, and all plants arranged with regard to 
the possession or want of that character ; or, 2ndly, all 
the characteristics of the plant are taken into account, 
and it is placed according to the sum of these, not 
according to any one of them. Such a grouping as that 
indicated in the first t)lace constitutes what is called an 
Artificial System of Classification ; but the second, seeing 
that it aims at distributing plants according to their trne 
relationships, is called ttie Natural System pax ex- 
cellence. 

In attempting any classification, the first objects of 
attention are Individuals, but it is much easier to moot 
the question what an individual really is than to answer 
it. Ordinarily each plant is looked upon as constituting 
an individual, so long as it forms an entire mass and no 
longer. This is evidently a very unphilosophical way of 
viewing the matter, for it often happens that the part 
thus removed is capable of an independent existence, and 
may become exactly like the original plant, as is seen in 
grafting, &c. The new plant in this case cannot ht 
looked upon as an individual, seeing it is but the part ol 
one. To get over this difficulty, some botanists, at 
Thouars and Brauii, tft^ax^ ^"^ "VSva true individual the 
original slioot BpYmgv.Ti^ ixoiiCL ^iJcA ^^^, ^so^ ^sMjk buc 
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repeatinff it as a new indiyidual ; but this view is liable to 
exactly tne same objection as the former one, for as each 
plant can bo resolved into a number of buds, so each bud 
can be resolved into a number of phytone, or the distinct 
beings which each leaf is supposed to represent. Others 
again look up6n the product of one seed as constituting 
an individual ; were this so, every plant propagated from 
a cutting would onl]^ be the repetition of one plant, ho 
that all tne potatoes in the country might be supX)OHed to 
constitute a single individual. 

Species, — The first stop in the grouping of individuals 
is to gather together all those which more ncarlv resemble 
each other than they do any other plant. Such a group 
is termed a species. Now, as all plants tend to reproduce 
themselves, their offspring bein^ as nearly like the 
parents as possible, any peculiarities possessed by this 
parent will be transmitted to future generations, so that 
Sy this means the species may be perpetuated. This 
tendency to the transmission of peculiarities from parent 
to offspring has also been seized upon for defining species, 
which are by some said to be constituted by alt tlwse 
vndi/oiduals, so closely resemhlvng each other that they 
either have, or may havef originated from one common 
parent. When the pollen of one plant comes in contact 
with the ovule of another exactly similar, fecundation 
takes place, and a seed is produced which ^ives rise under 
the proper circumstances to a new individual exactly 
similar to the parents. Should, however, the plants bo 
not so closely related, fertilization might still take place, 
but the new plant produced by the seed would not be 
exactly similar to either of the parents, and would be 
unable to reproduce itself except when fecundated by a 
plant exactly like the parent. Wy this means any dif- 
ferences between panjnt and oilsprinff would tend to 
disappear in the next generation. Plants which ord 
oapaole of jfroducing fertile young, are said to belong to 
the same species, those which produce plants capable of 
fecundation by the parents only, are said to belong to 
d/isti/nct species, the result of their intermixture being 
termed a hybrid. Should the plants be still more re- 
motely connected, fecundation would probably not bo 
effected at all. 

Varieties. — Should two seeds, say from the fiWKv^ \»^^ 
be sown, the one in a light Boil, in a \)Ti^\> ^tA >e»>xsi\i^ 
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sitnation, the other in damp, heavy soil, and in a dark 
situation, the resulting plants may be widely different. 

The tendency of £Ul plants is to repeat the pecu- 
liarities of their ancestors, so that the descendants of the 
plant grown in the one sitnation will centinue to difSer 
from tnose grown in the other, more especially if the 
original causes of the variation continue in operation. 
One of the most vexed questions in Natural Science at 
the present day is, whether these variations are limited or 
unlimited ; whether a plant can ever, by the long-continned 
operation of external causes, be ever made to change its 
species, or whether the changes are limited witnin a 
certain range, never amounting to the transmutation of 
species, but merely to those subordinate groups alreadj 
indicated, and termed Va/ri-eties. 

When, by continued cultivation or from any otiher 
cause, the characteristics of a variety become tolerably 
fixed and permanent, so as to be transmissible \yj seed 
and not by cuttings merely, as is usually the case with 
varieties, the variety becomes a Bace, Such a condition 
is seen in most of our cultivated plants. 

A Species might be defined as all those plants so 
closely resembling each other that they either have, or 
may have, originated from a common parent, and which 
by intermixture are capable of proaucing fertile de- 
scendants. 

A Variety comprehends all those individuals whose 
characters nave been altered by soil, climate, Ac., but 
which, when propagated by seed, tend to return to the 
parent stock. 

A Bdce is an unusually permanent variety, whose 
peculiar characters are wifii tolerable certainty trans- 
missible by seed. 

Genus. — ^As is the case with individuals, so is it with 
species. Some have a greater general or particnhtf 
resemblance to each other than t£iey have to any other 
species whatever, and may therefore be collected into a 
group, characterized by the possession of the oomnufli 
characters or points of resemblance. Such a gronp is 
denominated a Qenus, 

All genera are not, however, equally extensive: thns 

it sometimes happens that a great many species resemble 

each other very c\oaft\Y, ^jcvd. yet are markedly dissimilar 

from all others, -w^iile a^^ca. \\» ^oiaaHscnvfe^ ^Ki5?aia that a 
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single species may be isolated from all others by the 

E Of session of some one peculiarly marked characteristic ; 
ence there are extaneivo genera and Bmall genera. 
Orders or Families. — As species are grouped together 
into genera, so genera are grouped together into Orders 
or Families, as they are intercnangoably called. These 
are in fact genera of genera. Sometimes several of the 
genera possessing all the characters of the order are 
characterized by the possesHicm of Komething which dis- 
tinguinhes them from the other plants poHHcsHing the 
ordinal characters ; such divisions are termed Sub-orders. 
Class. — ClaHsos are to orders what orders are to genera — 
they express the most extensive relations known to exist 
in the vcfjetable kingdom. 

Tiie prmcipal divisions of the kingdom might therefore 
be arranged thus — 

Kingdom. 
■ • Class. 

Order or Family. 
Suborder. 
Genus. 

Species. 
Variety. 

Individuals. 

Many botanists are of opinion that, with the exception 
of species, there are no real groups in nature, while others 
think that even these are fortuitous, not absolute and un- 
changeable. 

Nomenclature. — Ever since the time of Linmous, plants 
have been distinguished by two names — the first or 
generic appellation, indicating the genus to which the 
plant is referable ; the second the specific or trivial, as it 
IB also called, marking the particular species of that 
genus to which the jUunt belongs. 'J'he generic name 
applies to all the plants of the g(^nus, but to none oE 
any other; whereas the specific, though it can only bo 
used for one species in one genus, may be used in any 
number of genera. Thus the two genera, Helleborus 
and Hyoscyamus, are indicated by these names, and 
no other genus belonging to any other class is liable 
to be mistaken for them, neither is any plant liable to 
be mistaken for Helleborus Niger ox ^^t '^^q^^-^^^xcccvs^ 

U 
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Niger, thoagh the same specific name is used in both 
cases. 

The origin of the generic title is very varied, some- 
times, as in Quercus, being the classical term, sometimes 
the native name latirdz^, as Bambnsa, the Bamboo; 
sometimes the Greek form is employed, as Menispermimi 
for Moonseed, and so on. Others take their names from 
their discoverer, or some famous botanist, as Linnsea, 
Eichardia, (&c. 

Specific names are either adjectives, or words nsed as 
such, often characteristic of some peculiarity of the plant 
— as Viola tricolor, Papaver somnuerum, &c ; sometimes 
of the habitat of the plant, as San^uinaria Canadensis ; 
sometimes of the discoverer, or ot some botanist not 
connected with the discovery. When the specific name is 
given after the discoverer, the genitive form should be 
used, as Nectandra Bodicei; when named after any 
botanist not the discoverer, the adjective form should be 
preferred, as Veronica LincUeyana, but this rule is not 
strictly adhered to. 

As a rule, the generic name should begin with a capital 
letter, the specific name with a smaU one, except the 
specific name has at one time been employed to designate 
what was supposed to be a genus, Polygala Senega, 
Cissampelos Pareira, &c., or, in accordance with the 
general rule, has been derived from a proper name. 

As it must sometimes, and unfortunately too often does 
happen, that two or more persons should give different 
names to the same plant, either simultaneously or at 
different periods, it is necessary, when once this has been 
made clear, to state which author's views as to nomen- 
clature have been followed. With this end in view, it is 
common to append the initial letters of the botanist's 
name to the nomenclature adopted in the case of any 
plant. Thus — 

Br stands for Eobert Brown. 

D. C. or De Cand. „ De Oandolle. 

Juss „ Jussieu. 

Hook „ Hooker. 

Lindl „ Lindley. 

Rich „ Richard. 

Wild „ Willdenow, Ac. 
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Systems op Classification. 



As previously pointoJ out, plants may be arranfjed by 
any one feature soloctcd for the purpose according to 
what is termed an Artificial achemo or Sydemt as in that 
of LinnaBUS, where the reproductive organs were chosen ; 
but it must be evident that such a classification will 
serve no other end than that of enabling any person to 
find out the name of a plant with tolerable ease, while it 
is also evident that it must violently sever plants, which, 
though closely allied in every respect, may differ in the par- 
ticular organ selected as the ground of classification, what 
is called the Natwal System, on the other hand, aims at 
bringing all naturally allied plants together, no single 
chamcter being allowed to preponderate in the selection 
of a proper place for the plant. 

1. LiNNiiAN System. 

Of artificial systems, by far the most celebrated is that 
of Linnaeus, which from the nature of the organs chosen 
as the ground of classification, is sometimes also called 
the Sexual System. In this system all the species 
belonging to one genus, are kept under a single heading, 
whether they possess all the characters or not, the 
genera alone being arranged in an arbitrary manner 
according to the selected character, just as the words in 
a dictionary are arranged according to their initial letters, 
though those closest together may have nothing else in 
common. 

The classes and orders were founded on the number, 
situation, size, and connexion of the stamens and pistils. 

The classes wore twenty-four in number, of which the 
first eleven had reference soleljr to the number of stamens; 
the next two to their 2>oM<ion; the next two to their 
relative size ; another five to their connexion ; and three 
more to the position of the male and female organs on the 
same or separate plants; while the last ^roup com- 
prehended all those plants which had no evident sexual 
organs (Oryptogamia). 
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The orders into whicH LinnceiiEi divided the first thirteen 
elaaaes were founded on the number of styles or stigmas 
present in each iioner ; thus — 

ClaaaeB I. to XIII. 

Monogynis, hiTing 1 style, includea all the plantg go (umuhed in 

the first 13 LiDiiieui CIbbhi. Ex. Pruuniae. 
Digynifl, hBving 3 otjflea, as UraMM. 
Itigynia, lisviny 3 styles, hb Kuioml. 
Tatra^ynio, having 1 styid, ai Holly. 
Fenta^jDis, hitTiDg B Btyiss, an Aranite. 
Sciiagyniii, having fl stylim, an Cuttunus. 
,, ,_ -vinH7aljlw,l 

inelBtjfca, J- 

.ting 9 stsrlesj 
IDecagynia, having 10 aiyles, as Phytolacca, 
!DoUtca)[]"ini' liavmg 11 or 12 sljles, as the HouM LmIc 
Polygyuia, having: mare than IS stylea, as Banunculuo. 



DidTDflmiaJ *^^"^ for leeds, oa in the Labiatm. 

i>iaynanufti g inguMpermia (covBred-aaeded) ,. seedi evidently 
covered, as in SerDphulariaceie. 



ip.t..j,™.™i. I^' BiliculoMBi iWiit short and broad, aa in C«p»elli. 
Tetradynanua J ^^ siliquosE. fruit long and naW, aa in Mustard. 

ClasBea XVI., XVII., and XVIII. are divided into 
eight orders, according to the nnniber of stamens, which, 
being never less than three, makes Triandria the first 
order. Thus : 

Triandria. with 3 stamens, ai Tamsiind. 
PentaDdrio, nith 5 stamens, as Passiflora. 
w™ ni Heiondria, with 6 stamens, as Fumaria. 
Mon- Ui- J Hjpt^aria, «-ith 7 stamens, as Pelargonium. 
T. 1 JIT,' 1 Octandria, with 8 stamens, as PolyRala. 
Polyadelphia Dscandris, with 10 stameJs, as PeaVio. 

Dodecondria, with li-2U stunnA, u Uivu^. 
tPolyandria, with mora ttisaM ttumaa, tilWaB* • 
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Class XIX. at first contained all componnd flowers and 
all flowers witH united anthers, but afterwards Linnsens, 
by excluding the latter division, which he termed 
Monogamia, made the group a natural one, and equiva- 
lent to the CompositsB. It is divided into Ave orders, as 
follows : 

1. Poljgfamia squalis, where florets are all perfect (^), as Dandelion. 

2. Poljgamia superflua, where the florets of the disc are perfect (^), 

and those of the ray pistillate (9) only. Ex. Daisy. 

8. Poljf^^mia f rustranea, where the florets of the disc are perfect ($), 
while those of the raj are neuter. Ex. Centaurea. 

4. Poljg^amia necessaria, where the florets of the ray are male {i\ 

while those of the disc are (9) female and fertile. Ex. Marigold. 

5. Polygamia se^egata, where each floret is surrounded by an 

involucel of its own. Ex. Echinops. 



Classes XX., XXI., and XXII. are divided into orders 
by the number of stamens each possesses, and the cohesion 
or distinctness of these. Thiis : 



Monandria, with 1 stamen. Ex. Orchis. 



Diandria, 

Triandria, 

Tetrandria, 

Pentandria, 
Gynan- Hexandria, 
dria / Octandria, 
Mon<Bcia\ Enneandria, 
Dioecia Decandria, 

Dodecandria, 

Polyandria, 

^ Polyadelphia, in several do. 
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Ex. Cypripedium. 
Ex. Carex. 
Ex. Nettle. 
Ex. Cannabis. 
Ex. Cocos. 
Ex. Hazel 
Ex. Mercurialis. 
Ex. 

Ex. Stratiotes. 
Ex. Sagittaria. 

Ex. Pines. 

Ex. Bicinus. 



In Class XXIII. the orders are founded on the cha- 
racters furnished by the position of the different kinds of 
flowers. Thus : 

fMonoecia, with perfect male [S) and female (9) flowers on 
same plant, as Acacia. 
Poly- J DioBcia, with hermaphrodite* (^) flowers on one plant, and 
gamia] male ($) and female (9) on another, as Hippophae. 
Tricecia, with hermwpVviocii'ife ?^o>r«» oa. ot^a plant, male on 
a second, and £emai\a otl «k X3fcat^. 
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Class KXrV., or the Oryptogamia, wore diyided into 
six natural groups, viz. : 

1. Filices Ferns, &c. 

2. Musci Mosses. 

3. Hepatic89 Liverworts. 

4. Licnenes Lichens. 

6. Funf^ Mushrooms. 

6. AlgoB Seaweeds. 

The following table, as arranged in Professor Balfour's 
" Class Book," shows at a glance the various relations of 
these groups. 
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Analytical System. 

Not satisfied with the LinnsBan system as a key to 
ascertaining the name of an unknown plant, Lamarck 
proposed another means for arriving at the same eod. 
This he proposed to do by what is termed the Analytical 
or Dichotomoas System, in which all plants are first of 
all divided into two gronps by some one characteristio— 
say the possession of flowers. Well, the plant nnder 
examination either has or has not this character. If it 
has it will belong to the one division, if it has not it will 
belong to the other, and so on, dividing and snb-dividing, 
till at last the name of the plant is found out. Tins 
system differs from all others in selecting its character 
from any part of the plant indifferently, the grand object 
aimed at being not uniformity of method, but unniis- 
takeable results. Those who wish to make themselves 
acquainted with the working of this system are referred 
to that excellent work, Bentham's ** Handbook of the 
British Flora," where the scheme is set forth in all its 
details. 

To the beginner such a scheme is invaluable; bnt 
though, comparatively speaking, little knowledge of 
Botany is required to work it, still that little must be 
accurate, otherwise the student will be continually 
arriving at wrong results, as there is nothing to serve as 
correctives to errors committed. 

The Natural System. 

The natural system of classification in Botany is an 
attempt to arrange all plants, so that those most closely 
related may be brougnt closest together, and to place 
every vegetable in its proper position in the scale of 
existence. To do so, it is plain that every plant should 
be known and its structure fully understood ; but as we 
are far from possessing such a knowledge, any and all 
plans of arrangement hitherto adopted must be looked upon 
as only attempts at the solution of the great problem. It 
is also evident that some characters must have more 
weight than others, as \)e\ug drawn from organs of greater 
importance in the vegetaVA^ ^Cionovsi'^, ^ii^ therefore more 



STSTEMATIO BOTANT. 299 

universal in their presence. As the primary function in 
all living beings is nutrition, the most general characters, 
it is evident, will be drawn from the nutritive organs. 
The next most general function is reproduction, and the 
characters drawn from the organs set aside for its perfor- 
mance will be of corresponding importance. But as the 
organs set aside for tne vegetative functions are ex- 
tremely simple, while those set aside for reproduction are 
-excessively varied, divisions founded on the characteristics 
furnished by the latter are more common than those 
provided by the former. The relative importance of the 
grounds on which plants are collected into groups is indi- 
cated below : 

Species — Founded on peculiarities of vegetative organs, 
as leaves. 

Gknera — On the floral envelopes, and the external cha- 
racters of the fruit. 

^ Orders — On the structure of the ovary, and its rela- 
tions to the floral envelopes. 

Glasses — On peculiarities of the seed, and especially of 
the Embryo. 

The groups thus formed have not that precision and 
exactness of outline seen in Linnesus's system ; and in 
all cases there must be a certain degree of artificiality 
mixed up with any natural system, seeing that in nature 
one group merges into another by almost insensible 
gradations, so that it is difficult to say where one division 
ends and another begins, except some arbitrary line be 
fixed on as the boundary. 

Even before the time of Linnaeus, attempts at a natural 
classification of plants had been made by our country- 
man Bay ; and LisneBus himself left, m his ** Frag- 
ments," tne outlines of some natural groups. The first, 
however, who succeeded in making anything like a satis- 
factory grouping of the vegetable world was Jussieu, in 
1789, who divided all plants into the three grand groups 
of Acotyledons, Monocotyledons, and Dicotyledons, suo- 
dividing the two latter according to the cohesion of the 
corolla and the insertion of the stamens. His orders 
"were so satisfactory that, with few changes, they are re- 
tained at the present day. 

In 1813, A. P. De Candolle made kuoviii VHa «^^\»ocw^ 



MoBoclilamydeEe, is still adhered to, ttoHgh hia i 
ment of the Endogenee has been departed from. 

The next Ki'^at srstematiBt wae Endlicber, who 
1836 and 1B40 published his " Genera Plantan 
ranged on a new baaiB. All plants were by him 
into two grand diTisionB — Thallophyta, or anch 
no distinction between stem and leaf; and Corn 
comprehending all plants with a distinct a 
latter being sabdivided into groups correspondi 
the higher Cryptogamia, the Monocotyledona, 
DicotyledonB. 

Following in Endlicher's footsteps, Lindley p 
a " Clasaification of the Vegetable Kingdom" 
which was, however, conaiderably modified be 
appearance of hia " Vegetable Kingdom," in II 
this last pubhcation he reoogniaes two ^reat div 
plants — the Flowarlesa and the Flowenug plat 
former being subdivided into Thallogeng, where 
is visible, and Acrogeng, where stem and leaves 

Flowering plants were by him divided into — 

1. Bhizogens: where the fmctlfication apj 
spring from a thallus. 

Ex. Bafflesiaeem. 
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4. Exogens : Cotyledons double, leaves netted- veined ; 

wood oldest at the centre ; seeds covered. 

Ex. LeguminoscB. 

5. Grymnogens: Cotyledons double, leaves netted- 

veined ; wood oldest at the centre ; seeds naked. 

Ex. Pvnes, 

In most botanical text-books the classification adopted 
a modification of that of De Candolle, altered so as to 
it the more advanced knowledge of the period. 
In describing the various natural orders, the practice 
De Candolle is most commonly followed in beginning 
iUi the Thalamifiorse. 
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CLASSIFICATION. 



SUB-KINGDOM I. 

PHANEfiOGAMIA, OR FLOWERING PLANTS. 

Plants having flowers (at least stamens and pistils), and 
producing seeds containing an embryo. 

CLASS I. 

EXOGENiE, OR DICOTYLEDONS. 

Stem consisting of a distinct bark and pith, separated 
by interposed woody layers, oldest towards the interior. 
Leaves articulated to the stem and netted- veined. Sepals 
and petals, when present, in fives or fours, rarely in threes. 
Embryo with two (rarely more) seed lobes. Tap-root de- 
veloped from the Badicle. 

DIVISION L 

Angiospermia, 

Ovules produced in a closed ovary. Embryo with two 
cotyledons. 

Sub-class I. — ThalamifloroB. 

Dicotvledons with calyx, and corolla ; the latter com- 
posed ot distinct petals inserted on the receptacle. ^tA<- 
meng hjpogynouB, or inserted on l\xft ^i^'ft oi\>w^ ^-^^jt^. 
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Fig. 303. 




Diagram of Thalamiflorae. 
Oedeb 1. — RanunculacetB — Crowfoot Family, 

Type, Sj V, St. 0. 

iXf sepals 5, petals 5, stamens numerous or indefinite, 
pistils numerou \ or indefinite (oo = indefinite.)* 

Herbs, rarely shrubs, with watery acrid juice, no dis- 
tinct stipules ; aestivation usually imbricated ; seeds 
solitary, albuminous, without an anllus, albumen horny. 

SUB-ORDERS. 

1. Clematidese, calyx valvate or induplicate.^ 

2. AnemonesB, calyx coloured imbricate — / Fruit 

seed inverted. f achenes. 

3. Ranunculese, calyx imbricate — seed erect. J 

4. Helleboreas, calyx imbricate, fruit follicles. 

6. Acteae (Lindley), calyx coloured imbricate, fruit 
berries. 
Habitat, cold or temperate climates. — Properties, acrid. 

OmCrNAL PLANTS. 

Aconitum Napellus (aconite), — leaves and flowering 



* The symbols employed in these types or schedules are the 
ordinary symbol oo for indefinite, indicating that the nmnber iS 
greater than can be conveniently counted. A bracket (i— ') uniting 
the numbers indicative of stamens, petals, &c, indicates adhesion of 
these whorls. This will be placed below the line. A bracket or 
curve over a single whorl, sepals, petals, &c., indicates that the 
difierent parts of that whorl are more or less coherent. Two numbers 
with, a plus + between indicate that there are two whorls each con- 
sisting of a given numibeT. lii ^aebt'^ Text-book a much mare elabo- 
rate system of notation \b espYuxie^ Qai<ii^>a£\x^\ft^. 



8T8TEMATI0 BOTAITY. 305 

tops, and root — officinal. — Active principle Aconitia. 
Sedative and anodyne. Dangerous poison. 

Podophyllum peltatum (Podophyllnm or American 
May apple). Ehizome and Eesin officinal. Drastic pur- 
gative. 

PORMERLT OFFICINAL. 

Helleborus Niger (Black Hellebore), — rhizome and root 
officinal. Drastic purgative. 

Delphinium Staphisagria (Stavesacre). Seeds officinal. 
Local irritant. 

OTHER PLANTS USEFUL OR DANGEROUS. 

Aconitum ferox of India, used for preparing Aconitia. 
and the ** Bikh" poison, very dangerous. 

Actea or Cimicifuga racemosa, root used extensively in 
America in treatment of rheumatism. 

Coptis trifoliata and Hydrastis Canadensis, roots used 
as tonics in America. 

Various species of Clematis and Ranunculus are dan- 
gerous poisons. 

Order 2. — Magnoliacece — MagnoUa Family, 

Habitat, chiefly North America. — Properties, bitter 
tonic. 

OFFICINAL. 

Hlicium anisatum (Star — Anise); fruit used for pre- 
paring Oleum Anisi. 

FORMERLY OFFICINAL. 

Diymis Winteri (Winter's Bark tree); bark aromatic 
and tonic. 

- The bark of Magnolia glauca (Swamp sassafras) and 
Liriodendron tulipifera (Tulip tree) are somewhat tonic, 
and have been used in medicine. 

Order 3. — MenispermacecB — Moon-seed Order, 

Habitat, tropical. — Properties, bittei wid. n'ax^^VKs^- 
acrid. 

X 
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OPFICIUAL. 

Cocculus palmatus (CaJnmbo); root officinal. Exten- 
sively used as a tonic. 

Cissampelos Pareira (Pareira) ; root officinal. Astrin- 
gent, diuretic (?), and sedative to the bladder. 

Anamirta or Menispermnm Cocculns (Ooccnlns Indi- 
cus). Fruit officinal. Active principle Picrotoxine. Used 
for destroying parasites, and killing fish. 

O&DEE 4. — BerheridaceoB — Berberry FcmvUy, 

Type, S3+3 • P^ + s St3+3 
Herbs or shrubs. Leaves often spiny, nsnally exstipn- 
late; flowers regular and symmetrical, with trimerous 
symmetry ; stamens sometimes irritable ; anthers opening 
by recurved valves ; seeds 2 or 3, albuminous. 

Habitat, temperate climates. —Properties, acid and 
astringent. Ex. Berheris, 

Obdee b.—NymphcBaceoB — WcUer Lily Famihj. 

Type, S4 P. St. C„ 

Aquatic herbs with large floating leaves, rising from a 
rhizome. Thalamus large ; ovary compound, with radiat- 
ing stigma ; dissepimental placentas ; seeds indefinite; 
albumen copious. 

Habitat, mostly in N. hemisphere. — Properties, slightly 
bitter and astringent. 

Ex. Nymphcea and Nuphar, 

Ordee 6. — PapaveracecB — Poppy Family, 

Type, 83 P, St. C5, 

Herbs with a milky juice. Leaves exstipulate ; sepals 
two, rarely three, caducous ; ovary one-celled ; placent© 
parietal ; seeds indefinite, albuminous. 

Ex. Papaver. 

Habitat, mostly European. — Properties, narcotic 

OFriCINAL. 

Papaver sommfeTxim VOf^^^^^'t^ "^^^Pj)- Capsules, and 
)ium, their concrete ^mcfe, oSidTi^.^V^^Ta^^^ 



Opium 
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agent is Morphia. Stimulant in small doses, narcotic in 
large. 

Fapaver Eheeas (common Poppy). Petals officinal. — 
Colouring agent ; slightly narcotic. 

NOT OFFICINAL. 

Chelidonium majus and Sanguinaria Canadensis are 
more or less irritant. Argemone Mexicana, seeds nar- 
cotico-acrid. 

Order 7. — Fuma/riacecB — Fumitory Family. 

Type, S, P4 Str+r Oj 

Smooth herbs with watery juice. Leaves much divided, 
ezstipulate; flowers irregular; sepals two, deciduous; 
stamens six, diadelphous, opposite the petals; seeds 
albuminous ; embryo small. 

Ex. Fwmaria — Dicentra, 

Habitat, northern temperate climates. — Properties un- 
important. 

Order 8. — OrucifercB {Bra88icacecB)'-^0ahhage Family, 

Type, S4 P4 Stj Cr 

Herbs, rarely shrubs. Leaves alternate, exstipulate; 
flowers in corymbs, often becoming racemes, and without 
bracts ; sepals four, deciduous ; four petals in the form of 
a cross ; six stamens, four lon^ and two short (tetra- 
dynamous) ; ovary two-celled, with spurious dissepiment 
(replum) in the lorm of eiliqua or silicula ; seeds exal- 
buminous ; embryo folded. 

Ex. Cabbage, Musta/rd, Wallflower, 8fc, 

The Cruciferee are divided into suborders on two dis- 
tinct plans — the one founded on the nature of the fruit, 
the other on the structure of the seed. When divided 
according to the nature of the fruit, the following are the 
subdivisions : — 

1. Siliquosae— fruit a siliqua. 

2. SiliculosBB — ^fruit a silicula. 

a. Latiseptae, replum stretching across the long 

diameter. 
p, Anfpstisept89, replum stretching qakma ^^^^'l^4 

diameter. 

x2 
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3. Nncnmeiitacefle, frnit an indehisceiit silicala, often 

without a replum. 

4. SeptulatsB. valves bearing transverse dissepiments. 

5. Lomentacese, fruit a pod with false septa, constricted 

at intervals, and breaking at these dissepiments. 



a, A seed with an aocnmbent radicle, one of 
the Pleurorkizete, b, A transvrarse section of 
the same, to show the radicle applied to the 
edffn of the two cotyledons, e. The symbol by 
which such a position is indicated, the circle 
representing the cut radicle, and the two parallel 
lines the two cotyledons, d, A seed showue the 
radicle incumbent or folded on the back of the 
cotyledons^ which in this instance are plane, it 
being one of the Notorhizea. e. Transverse 
section of the same. J] The emnbol by which it 
is represented, the circle as berare indicating the 
radicle, and the two parallel lines the two oofy- 
leduns. ^, A seed with incumbent radicle and 
straightly folded cotyledons, one of the Oriho- 
plocecB. A, A transverse section of the same. 
i, The symbol by which this form is represented, 
the circle indicatinor the radicle, and the angular 
lines the bent cotyledons, k, A seed with incum- 
bent radicle, and circinate or spirally folded coty- 
ledons ; one of the Spirolobece. I, A transverse 
section, m, The symbol by which this form is 
represented, the circle indicating the radicle, and 
the two sets of parallel lines the cotyledons, 
which are twice cut through. », A seed with an 
incumbent radicle and doubly folded cotyledons, 
one of the Diplecolobece-, o, A trapsverse section 
of the same, p. The symbol by wbidi this form 
is represented ; the circle indicating the radide 
cut across, and the three pairs of parallel lines 
the cotyledons, which in the section are thrioe 
divided. 



The other mode of subdivision founded on the ovules 
was introduced by De Candolle, and is that more generally 
adopted (Fig. 303). 

1. PleurorhizeaB — cotyledons accumbent, radicle lateral, 
symbol (O =). 

2. NotorhizeaB — cotyledons incumbent, radicle dorsal, 
symbol (0 ([). 

3, Orthoploceae — cotyVe^on^ ^Ti^\i.\»\kate enclosing the 
dorsal radicle, Bym\io\ VO *5>^. 
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4. SpirolobosB — cotyledons twice folded, linear incnm- 
bent, symbol (0 || ||). 

6. Diplecolobeso — cotyledons thrice folded, linear in- 
cumbent, symbol (0 || {| ||). 

Habitat, temperate climates. — Properties, pleasantly 
. bitter. 

OFFICINAL. 

Sinapis alba and nisra (White and Black Mustard), 
powdered seeds used. Acrid volatile oil, produced by con- 
xact with water. Stimulant and emetic. 

Gochlearia Armoracia (Horseradish), root used. Stimu- 
lant. 

NON-OFFICINAL. 

* 

Nasturtium officinale (Watercress); Cochleare offici- 
nalis (Scurvy jj^rass); Lepidum sativum (garden cress); 
Grambe Maritdma (Sea Kale) ; Raphanus sativns (com- 
mon radish); Brassica rapa (turnip), and Brassica 
oleracea (cabbage), are all well known as articles of food. 
Isatis tinctoria, the woad plant, was used for its blue dye 
before the introduction of indigo. All Cnicifers are whole- 
some as food. 

Obdeb 9. — BescdacecB — Mignonette Famiihj. 

Type, S4 or 8 1*4 or « St, Or 

Herbs. — Petals 4—6, unequal and laciniated ; stamens 

indefinite, inserted on a lateral disc; ovary one-celled; 

placenta) parietal; seeds numerous, rcniK>rm, exalbu- 

minous. 

Ex. lleseda — Common Mignonette. 
Habitat, European. — Properties not well known. 

Order 10. — Cl8taeecB~--Boch-ro8e Family. 

Type, S, P, St. C,- 

Herbs or low shrubs. Flowers regular ; sepals usually 
5 ; stamens indefinite ; seeds albuminous ; embryo curved. 

Ex. CistuB; HeliantJuimum* 

Habitat, S. Europe, and N. Africa. — PropertUa uninL* 
portant 
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Order 11. — Violaeece — Violet Famdh/. 

Type S, P, Stj Cr 

Herbs or shnibs; flowers irregular; anthers crested 
and introrse, connection being prolonged beyond the 
anther cells; ovary one-celled; placenta parietal; seeds 
nomerons, albominons. 

Ex. Viola. 

Habitat, temperate climates chiefly.— Properties, pur- 
gative and emeua 

FORMERLT OFFIdNAL. 

Viola odorata, leaves nsed for colouring, 
lonidinm yields a kind of ipecacnanha. 

Order 12. — Ca/ryophyUaceoB — Pink Famihj, 

Type, S, P. Stio C, ^ 

Herbs, with stems swollen at the joints ; leaves oppo- 
site, entire. exstiptOate ; flowers reg^ ; sj^metor lor 
6-merou8 ; ovary one-celled ; placenta central ; embryo 
curved round albnmen. 

Ex. AUvne, Silene. 

Snb-orders. — ^1. AlsinesB, Calyx polysepalons. 
„ 2. Silenes9, Calyx gamosepalons. 

Habitat, cold and temperate climates. — Properties un- 
important ; flowers showy. 

Order IZ.'-^Malvacece — Mallow Famil/g, 

Type, Ss- PsorT St^ C-. 

Herbs or shmbs; leaves alternate and stipulate; 
flowers regular; calyx valvate; corolla contorted; sta- 
mens monadelphous ; anthers one-celled ; seeds little or 
no albumen ; embryo curved. 

Ex. Althcea, Goss^fpiv/tn* 

Habitat, chiefly tropical wid subtropicaL — Properties, 

cilaginbus. 



V 
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omciNAi. 



GoRRjpiam; soeds yield cotton used in preparing 
collodion. 

FORMERLY OFFICINAL. 

Altheoa officinalis (Marsh-mallow) ; root demulcent. 
Other species of Althosa and Malva are demulcent 
Hibiscus yields hemp, Gossypium cotton. 

Order 14. — Tiliacem — Lime or Linden Family, 

Type, S, P. St, Pr 

Trees or shrubs; leaves stipulate; calyx valvate; 
corolla imbricate; sepals deciduous; stamens polyadel- 

Ehous, anthers two-celled. Distinguished from the three 
idt by polyadelphous stamens, ana two-celled anthers. 

Ex. Tilia, 
Habitat, few northern, chiefly tropical. — Properties, 
demulcent. 

Tilia Europa^a yields the " bast'* for making mats. 
Corchorus Capsularis yields "jute." 

Order 15. — Outtiferm, or Cluaiacece — Qamhoge 

Family, 

Trees or shrubs with resinous juice. 

Ex. Oa/rcinia. 
Habitat, tropical or moist regions. — Properties, juice 
purgative. 

OFFICINAL. 

Garcinia and Hebradondron — concrete juice constitutes 
Gamboge, a drastic cathartic. Various others yield 
resinous substances. 

Order 16. — Hypericacem — St. John's-wort Family, 

Type, 85 P5 St, Or 

Herbs or shrubs ; leaves opposite, exstipulate ; flowers 
regular; stamens polyadelphous; ovary usually one- 
ceiled, with central nlacontas; seeds numerous, exal- 
buminous. Lx. 7/t/pericum. 



312 OUTLINES OF ELEMENTABY BOTAKT. 

Habitat, generally distribnted. — Properties of no impor- 
tance. 

Ordeb 17. — PolygalacecB — Milk-wort Family. 

Type, S4 P, St8- Cr 

Herbs or sbmbs ; leaves exstipnlate ; flowers irregular 
and an symmetrical, bat complete ; petals nsoally falsely 
papilionaceons, bat odd petal anterior ; anthers one-celled, 
with poroos dehiscence ; seeds albnminons. 

Ex. Polyfjdla and Krameria, 

Habitat, generally distribnted. — Properties bitter and 
astringent. 

OFFICINAL. 

Polygala Senega (Senega), rhizome officinal ; stimnlant, 
expectorant. 

Krameria Triandra (Rhatany), root employed, excellent 
astringent. 

Ordee 18. — Aurantiaceas — Orange FamiUy. 

Trees or shrnbs; leaves smooth and jointed to the 
petiole; flowers regular; stamens slightly coherent; , 
ovary many-celled; frnit palpy, with leathery rind; seeds 
exalbaminoas. Ex. Citrus, JEgle. 

Habitat, the warmer climates. — ^Properties, acid, re- 
frigerant. 

OFFICINAL, 

Citras Anrantinm (sweet orange), flowers officinal. 
Aromatic, and stimnlant. 

Citrus Bigaradia (bitter orange), flowers and fimit offici- 
nal. Aromatic and stimulant. 

Citrus Limonum (lemon), rind, juice, and volatile oil 
officinal. Stimulant and antiscorbutic. 

^gle Marmelos (bael), rind of unripe frnit officinal 
Astringent. 

Order 19. — lAnacem — Flax FarniUy. 

Type, S5 P5 St, Cr 

Herbs or slender shrubs, without stipules; flowers 
nJar; sepals imbxicaLte*, ^e^tala contorted; stamens 
Tent at the base *, ovarj xaaxi^-c^^ ^a^ <»^ bdng 
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divided into two by a false septum, and each division 
containing a single exalbuminous seed, with a large 
quantity of oil in the embryo. 

Ex. Linum. 
Habitat, generally diffused. — ^Properties vary. 

OFnCINAL. 

Linum Usitatissimum (flax), — seeds and oil; — demul- 
cent. 

FORMERLY OFFICINAL. 

Linum catharticum (purging flax), — stalks ; — pur- 
gative. 

Order 20. — Gercmiacece — Crane* s-hill Family, 

Type, Sg P5 Stto Or 

Herbs, or shrubs with swollen joints ; leaves stipulate ; 
flowers usually regular ; sepals imbricate ; petals con- 
torted; stamens monadeljmous ; carpels and styles 
adherent to an elongated torus (Carpophore), from which 
they separate when ripe. \ 

Ex. Geranmm ; Pela/rgonium (irregular). 

Habitat, temperate climates. — Properties,shghtly astrin- 
gent and aromatic. 

Order 21. — ZygojpkyllacecB — Bean-camper Family, 

Ex. GuaiojCwm, 
Habitat, subtropical — ^Properties, stimulant and dia- 
phoretic. 

OFFICINAL. 

Guaiacum officinale (Guaiacum), — wood and resin, — 
stimulant and diaphoretic. 

Order 22. — Rutaceoe — B/tie Family, 

Herbs, shrubs, or trees; leaves dotted, exstipulate; 
flowers perfect ; ovxdes sessile ; seeds usually albuminous : 
radicle superior. Ex. Buta, 

Habitat, 8, of temperate zone. — -"2to^^t\ak^, ^^\a^, 
mostly tonic. 
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OPPICINAL. 



Ruta Graveolens (Hue), oil, — stmnilaiit and emmena- 
gogue. 

BarosmaJSaSolia I (^^clin) ; leaves-tonic and 
(crenolata ^ astringent to bladder. 

Gralipea Cusparia (Angnstnra Bark), bark, — ^tonic and 
febrifage. 

Ordeb 23. — SimarubacecB — Quassia FarniUy. 

Habitat, tropica! — ^Properties, tonic and febrifuge. 
Ex. PicroBna; Simaruba, 

OFFICINAL. 

PicrsBna excelsa (Quassia), — ^wood, — ^tonic. 

FORMERLT OFFICINAL. 

Simaruba amara, — ^bark, — ^tonic. 
Simaba Cedron, — seeds, — ^tonic. 

Order 24. — Vitacece — Vine Family, 

Slirubs, usually climbing by tendrils; Hmb of calyx 
nearly obsolete ; petals valvate and opposite the stamens; 
seeds bony, albuminous. 

Ex. Vitis, 

, OFFICINAL. 

Vitis vinifera (vine), — fruit or uvsb (raisins), — sweeten- 
ing agent; also yields sherry (Vinum Xericum), the 
omcinal wine. 
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SUB-CLASS 11. 

OalydflorcB, 

riowers usually with calyx and corolla; petals distinct 
or nnited, inserted on the calyx ; stamens perigynous or 
epigynons. 

Fzo. 306. 




Diagram of Calyciflons. 

The characters of this sub-class are extremely artificial, 
causing the breaking uj) of natural groups, and the loca- 
tion oftheir fragments in different sub-classes. 

Obdbb 25. — CelaetracecB — Spi/ndle-tree Family, 

Type, S4 P4 St4 Cr 

Shrubs with simple leaves, having small deciduous 
stipules ; flowers regular ; a)stivation imbricate ; stamens 
alternate with the petals ; seeds usually ariUate, albumi- 
nous. Ex. £}uonymu8 ; Celdstrua, 

Habitat, subtropical. — Properties, more or less acrid. 

Oeder 26. — Tlhamm,ace(B — Buckthorn Family, 

Small trees or shrubs ; leaves simple ; flowers small ; 
calyx valvate ; stamens opposite the petals ; seeds albu- 
minous and without an anllus. 

Ex. liluimnus; Zizyphus, 

Habitat, generally diffused. — Properties, varied, chiefly 
purgative. 
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FOBMERLT OFFICINAL^ 

Rbaxnnus catharticns (Buckthorn), — juice of berries,— 
purgative. 

Order 27. — AnacardicLcece — Cashew-nut Farmly. 

Trees with resinous, milky juice ; leaves exstipulate ; 
flowers often dioDcious or polygamous; ovary one-celled; 
ovules solitary, with long funiculus; fruit indehiscent; 
seeds albuminous. 

Ex. Pistacia; Rhus. 

Habitat, tropicaL — Properties, acrid and stimulant 

OFFICINAL. 

Pistacia Lentiscus (Mastic), — ^resinous exudation from 
the tree, — slightly stimulant. 

FORMZRLT OFFICINAL. 

Pistacia Terebinthus (Chian Turpentine),— oleo-resinous 
exudation, — stimulant. 

Hhus Toxicodendron (Poisoned Sumach), leaves irri- 
tant, <&c. 

Order 28. — AmyridacecB — Franhincense Family. 

Trees or shrubs with resinous juice ; flowers gjenerally 
perfect. Ex. Balsamodendron, 8fc. 

Habitat, tropicaL — ^Properties, stimulant. 

OFFICINAIi. 

Ealsamodendron Myrrha (Myrrh), — gum-resinous exu- 
dation, — stimulant. 

Canarium Commune (Elemi), — gum-resinous exudation, 
— stimulant. 

FORMERLY OFFICINAL. 

Boswellia Serrata (Olibanum), — gum-resinous exuda- 
tion, — stimxdant, but chiefly used for incense. 

The two last gTOTipa,m^ik ^oma q^qx plants, were com- 
L prehended in the old Teie'bm^liaaftfiaB. 
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Obdxb 29. — Legwninosa (Fahacea) — Pea FamQtf^ 

Type, , Sr Ps Str-n , C, 

Herbs, sbmbs, and trees, with alternate, stipulate 
leaves, often compound ; dowers mostly papilionaceous ; 
stamens nsnallj mon- or di-adelphous ; simple pistil, 
becoming a legume or lomentum, rarely a drupe ; seeds 
exalbuminous ; odd sepal anterior. 

Ex. Pittum ; Cassia^ ^'e„ 

Habitat, generally distributed. — Properties very varied. 

SUB-ORDERS. 

T. PapilionesB: flowers papilionaceous; vexillxun (odd 
petal) external in imbricate oDstivation. 
n. GsBsalpineaB : corolla imbricated ; odd petal internal, 
lu. MimosesB : corolla valvate ; flowers regular. 

OPPICINAL PIAKTS. 

I. PapilioneoB, 

Glycyrrbiza glabra (Liquorice)— root, — sweetening de- 
mulcent. 

Astragalus verus (Tragacanth), — gummy exudation,— 
demulcent. 

Sarothamnus Scoparius (Broom), — ^flowering tops, — 
diuretic. 

Pterocarpus Santalinus (Sandal-wood), — wood, — red 
colouring agent, 

Ptftrorariins i Marsupium ) (Kino),-;bardened juice, 
rterocarpus ^ Erinaceus ] —astringent. 

Myrospermum Pereira) (Balsam of Peru), — balsam 
flowing from tree, — stimulant. 

Myrospermum Toluiferum (Balsam of Tolu),— balsam 
from tree,— stimulant and expectorant. 

POBMERLY OFFICINAL, 

Mucuna pruriens (Cowitch), — hairs of pods, — used bm 
vermifuge. 
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Physostigma yenenosum (Calabar bean), — ^mydriatic. 

n. CcBsalpiniecB. 

omciNAL. 

Hflematozylon Campecbiantim (Logwood), — wood,— 
astringent. 

(elongata,TinneveUy8enna,|i 
Cassia N obovata, / Alexandrian > o-ativel 
(lanceolata, j senna, ) gamve. 

Cassia nstnla (Cassia), — pulp, — laxative. 
Tamarindus Indica (Tamarind), — pnlp, — laxative. 
Copaifera mnltijnga (Copaiba), — oleo-resinons exuda- 
tion and oil, — stimulant, expectorant, &c. 

m. MvmosecB, 

Acacia (Gum Arabic), — gummy exudation,— demulcent 
Acacia Catechu (Catechu), — extract from wood,— 

astringent. 

Besides these, many other plants belonging to this 

Order are employed in the arts, as medicines, or as food. 

Ordeb 30. — BosacecB — Bose Fwndiy, 

Type, , Sr P5 St, , 0„ 

Herbs, shrubs, or trees; leaves usually stipulate; 
flowers regular; stamens distinct, perigynous; ovaries 
free or coherent \ ovules one or few ; styles often lateral; 
seeds exalbuminous ; embryo straight. 

Ex. Rosa — Prunus. 

Habitat, universally distributed. — Properties, very 
varied. 

SUB-ORDERS. 

I r I. ChrysobalanesB: trees or shrubs with free stipules; 
§ J style basilar ; fruit a drupe ; seed erect. 
g- 1 n. Amygdaleae : trees or shrubs with free stipules; 
^ ^ style termmal ; fruit a drupe ; seed ascending. 

m. Pome»: stipTdea fteft\ styles termini; seeds 
ascending. 
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IV. BosesQ : stipules adnate ; styles lateral ; fruit an 
etaerio, or several follicles ; seeds usually suspended. 

V. SanguisorbeaB : apetalous, often diclinous ; style 
terminal or lateral ; fruit an achene, surrounded by the 
calyx tube ; one- seeded. 

OFFICINAL. 

Eosa centifolia (Cabbage rose), — petals, — (rose-water 
as a vehicle). 

B/Osa Gallica (Red rose), — ^petals,— colouring agent, 
astringent, vehicle. 

Eosa canina (Dog rose), — ^hips, — slight refrigerant, and 
pill-base. 

Amygdalus communis (sweet and bitter almonds), — 
fruit and oil ; fruit of sweet only used. Bitter contain 
amygdaline and emulsine, which form Frussic acid in the 
presence of water. 

Prunus domestica (Prune), — fruit, — sweetening, laxa- 
tive. 

Prunus Lauro-cerasus (Cherry laurel) — ^leaves by dis- 
tillation yield Prussic acid; used as a sedative and 
anodyne. 

Brayera anthelmintica (Kousso), — flowers, — anthel- 
mintic. 

FOKMERLT OFFICINAL. 

Potentilla Tormentilla (Tormentil), — rootstock, — astrin- 
gent. 
Cydonia vulgaris (Quince), — seeds,^-demulcent. 

-■ Order 31. — MyrtacecB — Myrtle Family, 

Aromatic ifrees or shrubs. 

Ex. Melaleuca ; Pimenta. 
Habitat, tropical and subtropical. — ^Properties, warm, 
aromatic, stimulant. 

OFFICINAL. 

Caryophyllus aromaticus (Clove), — ^unexpanded flower, 
bud and oil, — aromatic, stimulant. 

Eugenia Pimenta (Allspice), — unripe fruit and oil ; — 
aromatic, stimulant. 

Melaleuca minor (Caieput),— oil distilled from. t3aA 
leaves; — ^aromatic, stimulant. 
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Eucalyptus resinifera (Botany Bay kino), — ^hardened 
juice,— astringent. 

Punica Granatum (pomegranate), — bark of root (fresh), 
— anthelmintic. 

Ordee 32. — LythracecB, 

Herbs, shrubs, or trees, with opposite, exstipulate 
leaves ; calyx surrounding the ovary, but free from it; 
styles united. Ex. Lythrum. 

Habitat, tropical. — Properties, unimportant. 

Order 33, — Onagracece — Evenvng Primrose Family, 
Type, I Sr P4 Stg , Or 

Herbs or shrubs; leaves without dots or stipules; 
symmetry 4-merous; calyx adherent to ovary; fruit 
capsular ; seeds numerous, exalbuminous. 

Ex Epilohiv/m; Fuchsia, 

Habitat, temperate climates. — Properties, harmless. 

Order 34. — Saxifragacem — Saxifrage Famitly. 

Type, , Sr P5 St,o , Or 

Herbs with alternate leaves ; ovaries usually united 
below, and distinct above; seeds numerous and small, 
with fleshy albumen. 

Ex. Saxifraga; Hydrangea. 

Habitat, northern climates. — Properties, unimportant. 

To this group also belong Drosera and Dionsea, 
examples of carmvorous plants. 

Order 35. — Crassulacece — Stone-crop Famil/y, 

Type, , Sr P5 St,o , Cr 

Herbs with succulent leaves, and symmetrical flowers; 
carpels more or less coherent ; seeds small, albuminous. 

Ex. Sedtim; Bryophyllum, 
Habitat, generally diffused, — Properties, mostly unim- 
portant, somewliat acrid. 
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Order 36. — Cucv/rhitacecB — Gourd Family, 

Male . . i I S r Pr St, , Co 
Female . ? , S r Pg St p , Cr 

Herbaceous i>lant8, mostly succulent, climbing by ten- 
drils; flowers uoclinous; calyx tube adhering to ovary; 
stamens sometimes partially united; anthers sinuous; 
ovary inferior ; placetitiu fleshy ; seeds exalbuminous. 

Ex. Cueumln ; Ecbalium. 

Habitat, chiefly in hot climates.— Properties, mostly 
purgative. 

OFFICINAL. 

Citrullus (Oucumis) Colocynthis (Colocynth), — pulp of 
dried fruit ; — purgative. 

Ecbalium Officmarum (Elaterium), — sediment from 
juice of fruit ; — purgative. 

Order 37. — Bdheeiacece, or GroaeulariacecB — Currant 

Family, 

Type, , Sn* P, Bi, , Or 

Small shrubs, with or without spines or prickles ; 
leaves alternate ; calyx superior ; ovary infenor, one- 
celled ; fruit pulpy ; seeds numerous, albuminous, parietal. 

Ex. liibee. 

Habitat, temperate climates. — Properties, agreeably 
acid. 

Order 38. — UmhelUferoi (Apiacece) — Pareley Family, 

Type, , S5- P» St, , Or 

Herbs, usually with hollow stems ; leaves much cut up, 
and sheathing at the bane; flowers in umbels; calyx 
superior ; petals inflexed at the point, and along with tne 
stamens inserted on an epi^ynous disc ; fruit, a cremo- 
carp, separating, when ripe, mto two parts, or mericarps, 
supported on a carpophore, marked by vittas ; seeds soli- 
tary, pendulous, albuminous. 

Ex. Oonium; QUna/ntho. 

Habitat, N, temperate zone. — ^l^tap^st^AiWK^'^erj -sw^r^* 

1 
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omciKAL. 



Conium mactilattiin (Hemlock),— fresh leaves and 
branches, and ripe fruit (act. prin., Conia) ;— sedative, 
dhngerons poison. 

I^artbex Assafoetida (Assafoetida), — gum-resinous juice 
of cut root, — stimulant and antispasmodic. 



Fig. 306. 



B 




A, Conium xnaculatum. Cuttin? to show the leaves and inflo- 
rescence, a, A flower isolated, to show its five petals and five stamens. 
h, The fruit, consisting of two mericarps with their commissure, 
ridges, and persistent styles with epigjnous disc, c. Transverse 
section of the fruit, showing the apposition of the mericarps, the 
embryo, and the laterally incurved albumen, the axis, and the com- 
missure, df Longitudinal section, showing the small embryo and 
superior radicle, e, The embryo isolated, b, Petroselinum sativum; 
cutting to show the foliage and inflorescence, a, A flower separated. 
3, The fruit, composed of two mericarps, and surmounted by the 
epigynous disc and persAfttenl ^t^Xee. c, T\ie mericar^ separated, 
Mbowing the axis, d, Scclion oi We «JiXs\Miv«i,\.^^a« *"*;^ -^^lude in- 
ternal surface. 
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Galbanxim officinale (P) (Galbantun), — gum resin (source 
unknown) ; — stimulant and antispasmodic. 

Dorema Ammoniacum (Ammoniacum),— gum-resinous 
exudation from stem and pedicels ; stimulant, expectorant. 

Pimpinella Anisum (Aniseed), — oil distilled from fruit ; 
— stimulant. 

Foeniculum dulce (Sweet Fennel), — ripe fruit; — 
stimulant. 

Coriandrum sativum (Coriander), — oil distilled from 
ripe fruit and f iniit ; — stimulant. 

Carum Carui (Caraway), — fruit and oil distilled from 
it ; — stimulant. 

Anethum graveolens (Dill),~fruit and oil distilled 
from it ; — stimulant. 

POEMERLT OPPICINAL. 

Sagapenum,— ^m resin, source unknown ;— stimulant. 

Cununum Cyminum (Cumin), — fruit ; — stimulant. 

The carrot (Daucus Carota), and mubk root (Sumbul), 
are also used in medicine. 

Many other plants belonging? to this order are employed 
as food, or medicine, or are to be avoided as poisonous. 



Order 39. — Araliacece — Ivy Fa/miVy, 

Type, , Sr Pr S^j Cr 

Closely allied to the preceding, but having an ovary 
composed of more than two carpels. In most the corolla 
is valvate, whilst it is usually imbricate in the Umbel- 
lifersB. Ex. Hedera, 

Habitat, universally distributed. — Properties, mostly 
aromatic and stimulant. 



Order 40. — ComacecB — Dogwood Family, 

Allied to UmbelliferaB, but distinguished by 4-merou8 
symmetry, and opposite leaves ; and to Araliacese, but 
have 2-carpellary ovary. 

Ex. Cornus ; Aucuha, 

Habitat, temperate regiona.— "Pto^tMv^^^ ^^^gpiSc^ \j5s^^. 
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SUB-CLASS III. 

CoroUiflorcB. 

Dicotyledons having both calyx and corolla, the latter 
gamopetalous, stamens mostly epipetalons, rarely free. 

Fio. 307. 




Diagram of CoroUiflorsB. 

Like the other divisions, very artificial. Some make 
its boundary line here ; others elsewhere. 

Order 41. — OafrifoliaceoB — Honeysuckle Family, 
Type, |Sr ,Pr St^, C8| 

Shmbs, rarely herbs ; leaves opposite, exstipnlate ; 
calyx persistent; corolla gamopetalous; ovary inferior; 
one style, with 3-5 stigmas ; fruit indehiscent ; seeds, 
with fleshy albumen. 

Ex. Lonicera; Samhucus, 

Habitat, N. regions. — Properties varied, but unim- 
portant. 

OFFICINAL. 

Sambucus niger (Elder) ; — ^flowers yielding a volatile 
oil ; — slight stimulant. 

Order 42. — Ruhiacece — Madder Family, 

Type, |Sr ,Pr St^, Cfj 

Herha, shrubs, or txeea, mV]tL o^^o«^, ^liJacKi Wvea, 
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having large interposed stipules, or in true whorls ; oalyx 
adherent to the ovary ; stamens equal in number to the 
lobes of the corolla, and alternate with them, inserted on 
the tube. Ex. Galium ; Oincliona, 

Habitat, partly temperate, partly tropical.— Properties, 
very varied. 

Sub-orders. 

I. GaliacesB or Stellates. — Herbs with the leaves in 
apparent whorls, but all except two are commonly held 
to be stipules. 

II. Cinchonacere. — Herbs, shrubs, or trees; leaves 
opposite, with stipules of various forms. 



OPnCINAL. 

BuhiacecBt None, 
OinchonaceoB, 

Cinchona Calisaya (Tellow Bark), — Bark, (alk., chiefly 
Quinia) — tonic and antiperiodic. 

Cinchona Condaminea (Pale or Crown Bark), — Bark, 
(alk., chiefly Oinchonia) — tonic and antiperiodic. 

Cinchona Succirubra (Red Bark) —Bark, (alk., Quinia 
and Cinchonia), tonic and antiperiodic. 

CephaeUs Tpecacnanha j (IP^^^^^^^^i^^-S*^*; <'^!! 
PsJchotriaLetica j CTp^tJ^nSpWr 
Uncaria (j^ambir (Pale Catechu), — extract from leaven, 
— astringent. 

W05-0FFICINAL. 

Coflfea Arabica (Coflfee), — berrictf yield coflee, — irtiniU' 
lant, 

Obdzsl ^.—Vcdericmace'X — ValerUm Fwmil/y» 

Type, |Sr ,JV St,, C^ 

Herbs. Leaves oppotdte, exstimilate ; flowera often m 
capitnla; tube of the calyx adnerent to ovary, limb 
obsolete, or in the form oi '^^yxiA*^ c/ot^^ ViS^i*^»s-% 
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sometimes sparred; stamens alternate witli lobes of 
corolla, epipetalons; fruit sometimes pappose; seed 
solitary, exalbnminous. 

Ex. Valeriana; Ceniranth/us, 
Habitat, N. temperate zone. — Properties, stimulant 
and antispasmodic. 

OFFICINAL. 

Valeriana officinalis (Valerian), — root, — (act. prin., 
Valerianic acid), — stimulant and antispasmodic. 

Obseb 44. — DipsOfCecB — Teazel Family. 
Type, |Sr , Pr St, , Cr j 

Herbs. Leaves opposite or whorled, exstipulate; 
flowers in capitula with an involucre ; calyx inferior, limb 
membranous or pappose ; corolla tubular, limb somewhat 
irregular ; stamens epipetalons ; ovary one-celled ; seeds 
solitary, pendulous, albuminous. 

Ex. Di'psacua ; Scahiosa, 

Habitat, S. Europe, N. and S. Africa. — Properties, 
unimportant. 

Oeder 45. — Composites {Asteraceoe) — Composite Family, 

Type, I Sr I Pr str i Ci or r i 

Herbs or shrubs. Flowers in heads, surrounded by an 
involucre composed of bracts (phyllaries), and each floret 
by a secondary involucel of paleae; calyx superior and 
Hmb pappose or obsolete; corolla tubular, labiate, or 
ligulate (strap-shaped) ; stamens epipetalons ; anthers 
syngenesious ; style bifid; ovary one-celled and one- 
seeaed ; fruit a cypsela ; ovule erect ; seed exalbnminous. 
Ex. Anthemis; Carduus ; Lactuca. 

Habitat, universally distributed. — Properties, mostly 
bitter. 

SUB-OEDER I. 

1. Tubuliflorae. Florets tubular or ligulate, perfect, 
nniaexnal or neuter*, includes the Corymbiferaa and 
C/jnarocephaleB of JuBsieM. 
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2. LabiatifloraB. Corolla bilabiate; florets perfect or 
unisoxaal. Unknown to Jassieu. 

3. LicpilifloraD. Corolla strap-shaped; florets per- 
fect=CiclioraceaB of Jassieu. 



OPFICINAL. 

Artemisia Santonica (P) (Santonica), — unexpanded 
florets (active principle, santonin) ; — anthelmintic. 

Anthemis nobilis (Chamomile), — flower heads and oil 
distilled from them, — tonic. 

Taraxacum Dens Leonis (Dandelion), — rootstock, — 
alterative and slightly purgative. 

Arnica montana (Arnica), — rootstock, — stimulant and 
irritant. 

FORMERLY OFPICINAL. 

Inula ETelenium (Elecampane), — root, — stimulant. 

Anacyclus Pyrethrum (PeUitory), — root, — stimidant and 
masticatorjr. 

Artemisia absinthium (Wormwood), — whole plant, — 
stomachic and tonic. 

Lactuca sativa (Grarden lettuce) 1 Juice yields lactuca- 

Lactuca virosa (Wild lettuce) J rium, — sedative. 

Order 46. — LoheliacecB — Lobelia Family. 

Herbs or shrubs with milky juice. 

Ex. Lobelia. 
Habitat, tropical and subtropical. — ^Properties, nar- 
cotico-acrid. 

OFFICINAL. 

Lobelia inflata (Lobelia), — whole plant (yields Lobe- 
Hna,) — sedative and antispasmodic. 

Order 47. — Oampanulaceoi — Harebell Family. 

Type, I Sr Pr Sts Cr I 

Herbs, flowers having a regular campanulate corolla. 
Estivation valvate ; stamens free from corolla, and mostly 
distinct; style having collecting hairs; capsule many- 
seeded, dehiscent ; seeds numerous, albuminous. 
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Ex. Campanula. * 
Habitat, N. temperate regions. — Properties, unimpor- 
tant. 

Obdeb 48. — EricacecB — Heaih Family. 

Type, S4 I Fr Stg , Cr 

Wiry shmbs. Leaves evergreen, exstipnlate; calyx 
inferior persistent ; stamens hypogynons ; anthers de- 
hiscing Dy pores; appendicnlate many -celled ovary; 
seeds nnmerous, albnminons. 

Ex. Erica. 

Habitat, all temperate climates. — Properties, slightly 
astringent. 

OFFICINAL. 

Arctostaphylos Uva-Ursi (Bearberry), — leaves, — as- 
tringent and diuretic. 

FORMERLY OFFICINAL. 

Chimaphila nmbellata, (Umbelled Winter-green), — 
herbaceous part,— tonic, astringent, diuretic. 

Order 49. — Aqtnfoliaceoe — Holly Family. 

Type, Sr I P4 or r St4 , C4 

Evergreen trees or shrubs. Leaves exstipnlate ; flowers 
small, sometimes declinous ; corolla imbricate ; ovary 2-6- 
celled, each containing one pendulous ovule; embryo 
small ; seeds albuminous. 

Ex. Ilex. 

Habitat, >videly scattered. — Properties, slightly tonic 
and astringent. 

Order 50. — Styracacece — Storax Family. 

Trees or shrubs. Ex. Styrax. 

Habitat, warm regions. — Properties, stimulant. 

OFFICINAL. 

Liquidambar orientale (Storax) — liquid Balsam, — from 
the bark — stimulant and expecioT2jti\.. 
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8t3rraz Benzoin (Benzoin), — ^bakam from bark, and 
"Benzoic acid got bj subliming it. Benzoin stimnlant and 
exf^ectorant ; B. acid nised in alkaline nrine. 

Obdeb 51. — OleacecB—^live Family. 

Trees or shrubs. Ex. Olea. 

Habitat, temperate climates. — Properties, demulcent. 

OFFICINAL. 

Olea Europaea (Olive), — fruit yielding oil, the oil forms 
hard soap with carbonate of soda, soft soap with carbonate 
of potash, and yields glycerine in the process, — demulcent, 
nutritive, slightly laxative. 

Praxinus rotundifoUa f (Manna); concrete joice (con- 
^««„a S tains Manmte) — sweetenmg, 

omus ; laxative. 



Order 52. — PlantaginaceoB — Plantain Famih/, 

Type, S4 I Pr St, , Or 

Herbaceous plants with underground stems ; radicle 
leaves, ribbed ; small flowers in spikes on scapes ; calyx 
and corolla persistent ; filaments long, anthers versatile ; 
ovary simple, with spurious dissepmients ; dehiscence 
circumscissile ; seeds with a mucilaginous testa, albu- 
minous. Ex. Plantago. 

Habitat, generally diffused. — Properties, unimportant. 

Order 53. — Plumbaginacece — Thrift Family, 

Type, Sr I Ps St, , C^-^ 

Maritime or mountain herbs, usually with stems 
undeveloped and leaves clustered. Flowers regular; 
calyx tuDular, plaited, and persistent; corolla salver- 
shaped; ovary one>celled; ovale solitary, pendulous, 
funiculus rising from base of cell; embryo large, with 
scanty albumen. 

Ex. StafUe; Armerin. 

Habitat, some Tery widely diffused. — Properties, 
astringent. 
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Order 54 — PrimulacecB — Primrose Family, 

Type, Sr I Pr St, , C5- 

Herbs. Leaves simple; flowers regular and perfect; 
stamens equal in number to lobes of corolla, and opposite 
them; ovary usually superior, one-celled; placenta free 
central; seeds numerous, albuminous; style simple; 
stigma capitate ; embryo transverse. 

Ex. Primula; AnagaJlis 

Habitat, N. temperate and subarctic regions. — Pro- 
perties, some more or less irritant. 

Obdeb 65. — LoganiacecB. 

Herbs, shrubs, or trees. Eeally differ little from 
BubiacesB save in the free ovary. 

Ex. Strychnos ; Spigelia, 

Habitat, tropical or subtropical regions. — ^Properties, 
all dangerous poisons. 

OFFICINAL. 

strychnos nux vomica (Nux vomica). Seeds contain 
strychnine — tonic and nervine stimulant. 

Faba St. Ignatii also yields strychnine. Spigelia is a 
dangerous poison. 

Order 56. — Apocyna,ceoB — Dog-hams Family, 

Type, S5- I Pr Sts , Or 

Herbs, shrubs, or trees, with milky juice. Leaves 
usually opposite, exstipulate; flowers regular; corolla 
usually contorted ; filaments distinct ; anthers sometimes 
slightly connected; pollen granular; styles simple; 
ovules numerous ; seeds albummous. 

Ex. Sinca. 

Habitat, chiefly tropical. — Properties, often poisonous, 
juice yields caoutchouc. 

Order 57. — Gentianacece — Gentian Family, 

Type, Sr I Pr St5 , Or 

Herbs, usually smooth, with colourless bitter juice. 
Le&vea simple, exBtip^a\e\ ^or^^x^ legular; calyx per- 
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flUtent ; corolla nsnally convolato ; stamens epipetaloas ; 
ovary one-collc<l, with parietal placentte ; capBalo many- 
seeded; seedH albuminouH. Kx. Qentiana; Ophelia, 
Habitat, all parts of the world. — Properties, bitter tonic. 

OFFICINAL. 

Gontiana lutea (Gentian), — root, — tonic. 
Ophelia chirata (Chiretta), — entire plant, — tonic. 

Ordeu 58. — OonvolvulacecB — Bindweed Fanvily, 

Type, 8, , Vir St, , Or 

Herbs, nsually twining or trailing, often with milky 
juice. Leaves alternate; flowers regular; calyx im- 
bricate; corolla contorted; ovary two-celled, sometimes 
with false partitions ; embryo large and curved, albu- 
minous ; cotyledons foliaceous. 

Ex. Oonvohulus ; Eorogonitimi. 

Habitat, mostly tropical. — Properties, mostly purga- 
tive. 

OFFICINAL. 

Convolvulus scammonia (Scammony), — root, gum-resin, 
and pure rosin, — purgative. 

Exo^onium purga (Jalap), — root-tuber and resin of it, — 
purgative. 

Oadsb 69.— flfoZanacecB — Niglitahade Family, 

Type, Sr I Pr fit, , Ca- 

Herbs, rarely shrubs, with watery juice. Leaves alter- 
nate ; flowers usually regular ; stamens equal in number 
to the lobes of the corolla ; ovary usually two- celled ; fruit 
capsular or baccate; seeds numerous, albuminous; em- 
bryo straight or curved. Ex. Solanum ; Atrofa, 

Ilabitat, generally distributed. — Properties, mostly 
narcotic or narcotico-acrid. 

OFnCINAL. 

Solanum Dulcamara (Woody Nightshade), dried twigs, 
(alk., solania)— alterative. 

Atropa Belladonna (Deadly Nightshade). Leaves and 
root (act. prin., atropia), — narcotic, and. %^^i^\I\:^^« 
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Datnra Stramonium (Thorn Apple). Leaves and seeds, 
(alk.-datnria), — sedative. 

HyoBcyamus niger (Henbane). Leaves and twigs, (act. 
prin.. alk.-hjowyamia), — sedative- 

Nicotiana Tabacnm (Tobacco). Leaves, (act. prin., 
nicotina), — sedative. 

Capsicum fastigiatum (Cayenne Pepper), — pods,— 
stimulant. 

Most are dangerous poisons. 

Order 60. — ScrophulariacecB—Figwort Famtl/y. 

Type. Sr iJPr St^i Cr 

Herbs, sometimes shrubs. Leaves alternate, opposite, 
or verticillate ; flowers more or less irregular, sometimes 
labiate; corolla imbricate; stamens didynamons; ovary 
free. 2-celIed ; placentae axile ; seeds albuminous ; embryo 
small. Ex. Scrophularia ; Digitalis. 

Habitat, universally difPnsed. — Properties, mostly dan- 
gerous, some very poisonous. 

omciXAL. 

Digitalis purpurea (Foxglove) ; — leaves (act. prin., 
digitaline), — sedative and diuretic. 

Order 61. — BoraginacecB — Bugloaa Family, 

Type, Sr I Pr St, , Cr 

Hairy, scentless herbs, with round stems. Leaves al- 
ternate ; inflorescence scorpioid ; flowers regular ; corolla 
often with scales in the throat; stamens epipetalous ; 
ovary 4-lobed ; style gynobasic; seeds ex-albuminous. 

Ex. Myosotis ; Symphytum. 

Habitat, N. temperate regions. — Properties, mucila- 
ginous. 

Order 62. — LdbiatoB — Mint Family, 

Type, S5- I Pr St4 I Cr 

Aromatic lietba vfit^i ^c^-ax^ ^\ien!ia «.ud opposite leaves. 
Flowers irregTilaT,\a\)\ai\.fe,m«»J^c5^^r3 <s^m<is;^\ ^a^L^fi^-^gscsfr 
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tent; stamens didynamous ; ovary free, deeply 4-lobed, 
separating into 4-achene8 ; style gynobasio ; seeds erect, 
with little or no albumen. 

Ex. Mentha; Lavandula. 
Habitat, temperate climates. — Properties, aromatic. 

OFFICINAL. 

Bosmarinns officinalis (Bosemary), — oil distilled from 
flowering tops, — stimulant. 

Lavandula vera (Lavender), —oil distilled from flowers, — 
stimulant. 

Mentha piperita (Peppermint), — oil, and whole plant, — 
stimulant. 

Mentha viridis (Spearmint), oil, and whole plant, — 
stimulant. 

FORMERLT OFFICINAU 

Mentha Pule^um (Pennyroyal),— oil distilled from 
whole plant, — stimulant. 

Order 6d,^-Verhenace(B — Vervain Family, 

An order closely allied to the Labiatae, but distinguished 
by a terminal style and more coherent carpels. 

Ex. Verbena; Tectona, 

Habitat, temperate or tropical.— Properties, some valu- 
able timber-trees. Tectona yields the teak-wood of com- 
merce. 
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SUB-CLASS IV. 

MonochlamydecR. 

Dicotyledonous plants with a green or colonred calyx 
and no petals ; with a green perianth of more than one 



Fie. 308. 




▲, Monochlamydeao; a, Calyx. 

whorl ; with the floral envelopes reduced to one or more 
bract-like organs, or with them entirely absent. 




B, AchlamydesB ; a, Bract. 



This group, which is a very artificial one, partially 
consists of abexTont ^^^dxji^u^ qC the orders already 
described. 
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Order 64. — Pohjgonaeem — Buckwheat Family, 
Type. , 85-^ Po _Sttij Or 

Herbs. Leaves alternate, with ochroate stipules ; 
flowers uBually perfect ; perianth more or less persistent ; 
stamenH hypogynouH, rarely perigynous ; ovary 1 -colled ; 
ovule solitary, erect; fruit, a nut; seed albuminoiis, 
inverted. Kx. VoUiijonnni; llheu/n, 

llubitat, universally diffused. — l^opertios varied, some 
purgative. 

opnciNAL. 

Rheum — P (Rhubarb-root), — tonic, astringent, purga- 
tive. 

Order 65. — Cheno2)odiac€ai — Qoosofoot Family, 

Type, ,_Rr Pq ^u ^^ 

Herbs. Flowers small and braotlike; perianth free, 
imbricated; stamens equal to lobes of perianth in 
number, and inserted on them; ovary 1 -celled and 1- 
secded; en.bryo curved or s])iral, sometimes without 
albumen. Kx. Cheno2)()diuni ; IJnta, 

Habitat, dry waste places. — Properties, some valuable 
for food, as spinach, beet, &c. 

Order 60. — Lauraceos— -Laurel Family, 

Aromatic trees or slirubs. 

"Ex. LauricH ; Nedavd/ra, 
Habitat, chiefly tropical.— Properties, aromatic, stimu- 
lant. 

OFFICINAL. 

Cinnamomum Zeylanicum (Cinnamon), — bark of twigs, 
and oil distilled from them, — stimulant. 

Cainphora oflScinarum (Camphor), — concrete volatile oil, 
Bublinied from wood, — stimulant and sedative. 

Sassafras oiHciuale (Sassafras),— dried root,— stimulant 
and diaphoretic. 

Noctandra KodiesDi (Bebceru), — ^bark and alk« B^i.Vy&'tvb.^ 
— tonic and febrifuge. 
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FOBMEBLT 0P7ICINAL. 

Laiinis nobilis (Sweet Bay), — fmit, — slightlj stimu- 
lant. 

Obdeb 67. — MyristieacecB — Nutmeg Family, 

Ex. Myristica, 
Habitat, tropicaL — ^Properties, aromatic and stimnlant. 

OPFICINAL. 

MyriBtica officinalis (Nutmeg), — kernel of fruit, con- 
crete expressed oil, and distilled volatile oil, — stimulant, 
aromatic. 

Obdeb 68. — Thymelacem—Mezereon FcrniUy. 

Type, I Sr Po Stg , Ci 

Shrubs witli tough bark. Flowers perfect; perianth 
petaloid, free; ovary 1 -celled; seed solitary, pendulous, 
exalbuminous. Ex. Daphne; Lagetta, 

Habitat, in all parts of the world. — Properties, acrid. 

OFFICINAL. 

Daphne Mezereum J ( Diaphoretic and al- 

(Mezereon) f Dried 1 terative in small 

Daphne Laureolaf bark ^ doses. 
(Spurge Laurel) j ( 

Obdeb 69. — Euphorhia^cecB — Spurge Family, 

Male S Sj Po St,_i3 Cq 
Female ? S3 P© Sto Cr 

Herbs, shrubs, or trees, with acrid milky juice. 
Flowers diclinous, sometimes in an involucre. Male 
flower with one or more stamens ; female with superior 
ovary, several celled, and several seeded, with central 
column, separating when ripe ; seeds albuminous, sus- 
pended, ^x.. Crotou ; EA-tmu*. 
i. Habitat, generally diBLu^^^.— -"^^o^-tNivft^.^TNSi. 
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onnoiNAL. 

OrotoD Elenteria (Oasoarilla) ; — bark ;— aromatic, toaio. 

Orotoa Tiglium (Oroton-oil) ; — oil expressed from 
seeds, — purgative, vesicant. 

Bicinus communis (Oastor-oil) ; — oil expressed from 
seeds, — purgative. 

Ordbb 70. — UrticacecB, — Nettle Family, 

Male 84 Po St4 Co 

Female 84 Po Sto Oj 

Herbs, shrubs, or trees. Leaves alternate, stipulate ; 
flowers monoocious or dicecious ; perianth regular, free ; 
ovary one or two-celled, one-seeded ; stamens equal in 
number to the lobes of the calyx, and opposite them ; 
radicle of embryo superior. 

Ex. Urtica; Ocmnahie, 

Habitat, generally diffused, some tropical. — Properties, 
very varied. 

OFHOINAL. 

Ficus Oarica (Fig),— fruit,-;-8weetoning, slight laxative. 

Morus nigra (Mulberry,) — juice of the ripe fruit,— re- 
frigerant and colouring aj^ent. 

Cannabis sativa (Ijidian Hemp), — flowering tops of 
female plant, — anodyne and antispasmodic. 

Humulus Lup»ulus (Hop), — catkin of female plant, — 
sedative and tonic. 

Order 71. — VTmacece — Elm Family, 

Type, So- Po St, Cr 

Trees. Leaves alternate, stipulate ; flowers perfect or 
polygamous; perianth free; stamens porigvnous; ovary 
superior; fruit a samara or drupe; seeas suspended, 
with a scanty albumen ; radicle of embryo superior. 

Ex. OoltiHt ovary one-celled ; UVm/U8, ovary two-celled. 

Habitat, Northern regions. — Properties, timber trees. 

0F7ICIKAL. 

TJlmus oampestris (Elm), — ^mu^T N^^tYv— \j^'v:^^ ^acJS. 
aatringont 

z 
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Oedeb 72. — PlatcmaceoD — Plane Fcundly. 

Trees with watery juice. Leaves lobed, alternate; 
stipules sheathinf^; flowers monoecious, naked; fruit 
clavate one-seeded nuts, in heads; seeds pendulous; 
albumen scanty ; radicle inferior. 

Ex. Platanus, 

Habitat, Northern regions. — Properties, unimportant. 

Obdeb 73. — J^lglandace€B'^Walnut Family, 

Trees. Leaves alternate, pinnate, exstipulate ; flowers 
monoecious ; sterile flowers in catkins, stamens indefinite ; 
fertile flowers, solitary, or in small clusters ; ovary inferior, 
with one erect ovule ; fruit a tryma ; seed exalbuminous, 
cotyledons large, oily. 

Ex. Jriglans. 

Chiefly North American. — Properties, furnish valu- 
able timber. 

Obdeb 74. — OupulifercB — Oah Family, 

Trees or shrubs. Leaves alternate, simple; stipules 
deciduous ; flowers monoecious ; the barren in catkins ; 
the fertile, solitary or clustered, furnished with an invo- 
lucre ; ovary inferior, surmounted by limb of calyx ; fruit 
one-celled and one-seeded, surrounded by the cup-like 
involucre ; seeds exalbuminous ; cotyledons large. 

Ex. Quercus ; Corylus, 

Habitat, temperate climates. — Properties, astringent; 
valuable timber. 

OFFICINAL. 

Quercus pedunculata (Oak), — bark of small branches, 
— astringent. 

Quercus infectoria (Gall-oak), — excrescences on twigs or 
galls, yielding tannic and gallic acids ; — astringent. 

Obdeb 75. — BetulacecB'^Birch Fa/mily, 

Trees or Bhxuba. 'E\o^et^ TacrDkRBGious, in catkins; 
ovary two-celled, tvro-o^xA^^*, \"rQ^ ^-tkRk-^aSika^^ one- 
seeded ; seeds peutoloua, ex^)^TXsxsm.wx^. 
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Ex. Betula ; Ai/nua, 

Habitat, cold and temperate climates. — Properties, 
tonic, astringent. 

OaDEE 76. — SaUeaceoB'^Willow Family. 

Trees or shrubs. Flowers dioecions, in catkins, acbla- 
mydeous ; ovary one-celled, many oynled ; fruit dehiscing 
by two valves ; seeds downy, exalbuminous. 

Ex. Balix; Popuhia. 

Habitat, cold and temperate climates. — Properties, 
ionic. 

POKMBKLY OmCINAL. 

Salix caprea (Willow), — ^bark, jrields salicine j— tonic. 

Obdek 77. — PiperacecB — Pejpper FanviVy, 

Herbs or shrubs. 

Ex. Piper; Cuheha. 
Habitat, tropical.— Properties, aromatic and stimulant. 

OFPICINAL. 

Piper nigrum (Black Pepper), — unripe berries ; — 
stimulant. 

Cubeba officinalis (Cubebs), — fruit and oil distilled from 
it ; — stimulant to urethra. 

Artanthe elongata (Matico), — ^leaf;— styptic. 

roRMEBXY ornciNAL. 

Chavica Roxburghii (Piper Longum or Long-pepper) 
— fruit, — stimulant. 

Ordbk 78. — BafflesiacecB, 

Fungoid parasites, without stems or peduncles ; flowers 
solitary, sessile on trunks of trees. 

Ex. Bafflesia, 

Habitat, East Indies. — Properties, astringent and 
styptic. 

z 2 



uuTLiras or elekestast botast. 
Fie. 810. 




Baffleaia Amoldi, ■ BhiK^en, fint found bj Arnold (in remem- 
bnnce of wbom, and likrwiaa of Sir Stamford Baffles, it wu 
called [he Bafflvia Anioldi). IC meaiuroa a full yard acrou, the 
petal) being twelve indies long and a foot apart &om each other. 

OsDEK 79. — ArwlolochiaeetE — BKik-vmrt Family. 

Herbaceona or climbiuft ehmbbj plants. 

Ex. Aristolochia. 
Habitat, geuerall; diffused. — Properties, Btimnlant. 



CLASS I. 



DICOTYLEDONES. 



DIVISION IL 

Oymnospenma, 

Exogens, with OYules and seeds naked; (that is, not 
enclosed in an ovary.) Ovules fertilized by the direct 
application of the pollen ; carpel scaly, leafy, or absent. 

Fig. 811. 




Male. Female. 

Diagram of GTmnotpermia. 

Order 80. — Ooniferce — Pi/ne Family. 

Trees or shrubs with resinous juice. Leaves usually 
evergreen, scattered or fascicled, and needle-shapea; 
flowers monoecious or dioecious ; female flowers in cones. 
Ovules, two or more on the surface of each carpel ; fruit 
a woody cone, or a galbulus; seeds albuminous; coty- 
ledons, two or many. 
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Ex. Plnus; Junvperua. 
Habitat, all parts of the world.— Properties, very varied ; 
most yield timber. 

SUB-OEDEBS. 

1. AbietinsB ; ovales inverted, pollen oval. 

2. Gnpressinso ; ovules erect, pollen spherical. 

OFFICINAL. 

(Pines yielding turpentine, which when 
distilled yielas oil of turpentine and 
re«tn. Stimulant, rubefacient, an- 
thelmintic, astringent, diuretic. The 
two last yield frankincense. 
Abies balsamea yields a turpentine known as Canada 
balsam. 

Abies excelsa yields a turpentine known as Burgundy 
pitch. 

Pinus sylvestris, <&c., yields, by destructive distillation, 
tar (Pix liquida). 

Juniperus communis (Juniper). TJnripe fruit yields, by 
distillation, oil of juniper, — stimulant and diuretic. 

Juniperus Sabina (Savine) — tops, which yield, by dis- 
tillation, oil of savine, — stimulant and emmenagogue. 
Larix, — oil, and bark — stimxdant. 



CLASS II. 

MONOOOTYLBDONES, OB BNDOGBN^. 

Flowering plants, with stems composed of parenchyma 
not separable into pith and bark, containing isolated 
fibro-vascular bundles of the definite kind diffused through 
it. Leaves often sheathing at the base, and parallel- 
veined; flowers with 3-merous symmetry; embryo with 
one cotyledon only ; radicle never developed. 



SUB-CLASS L 



SjpadicifloroB, 
Flowers on a spadiz, naked, or enclosed in a spathe. 



Fig. 312. 




Diagram of SpadiciilorsB. 
a, Spadix; 5, Male flowers; c, Female fl.Qw«t«\ d^^'^<«it!sA« 
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Ordeb 81. — Typhace<B'-~Bulru8h Fatrdly. 

Marsh herbs. Leaves linear sessQe ; flowers monoecions 
on a spadix, or in heads ; no trae perianth ; ovary one- 
oelled ; seed solitary, albaminons. 

Ex. Typha; Spargcmiv/m, 

Habitat, mostly nortnem.— -Properties, nnimporttuit. 

Ordeb 82. — Araceas — Arwm Famil/y. 

Herbs or shrubs, with acrid jnice. Veins of leaves 
sometimes partially reticnlated ; monoecious flowers on a 
spadix, usually in a spathe; perianth absent; fruit 
succulent ; seeds usually albuminous. 

Ex. Aru/m; CaUa. 

Habitat, mostly tropical. — Properties, more or less 
acrid. 

Obdeb 83. — LemnaceoB — Dtichweed Family, 

Floating plants. Broots rising from a more or less 
circular &ond; monoecious flowers in a spathe, rising 
from the margin of the frond ; perianth ; fniit a utricle ; 
seeds albuminous. Ex. Lemna ; Pistia, 

Habitat, temperate and tropical regions. — Properties, 
unimportant. 



SUB-CLASS n. 
PetaloideoB* 
Monocotyledons with a double perianth, both whorls 

Fio. 313. 




Diagcttm. c&'¥«k\.«ik!(sA««&« 



Sep 

CO 
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spaloid, both petaloid^ or the outer green, the inner 
>ioared ; flowers nsnallj perfect. 



Obder 84. — 8iml(ice(B~~8a/r8a/pariUa FaimJ/y. 



Herbs or climbing shmbs. Leaves reticulate, stalked. 

Ex. Smtlax; Parie. 
Habitat, temperate regions. — Properties, alterative. 

OFFICINAL. 

Smilax officinalis (Sarsaparilla) — ^root; alterative. 

These orders, including Araceaa, with certain others, are 
sometimes classed as a separate group under the title of 
DicTYOGENS, characterised by having endogenous stems 
and reticulate leaves. 

Oboeb 85. — LiUaeecB — Lily Family, 

Tvpe, S, P, St, .Cr . 

Herbs. Leaves parallel-veined, sessile, sometimes 
sheathing; flowers regular and perfect; perianth free, 
coloured; anthers introrse; style 1; fruit usually 
capsular ; seeds albuminous. 

Ex. lAUum; Scilla, 

Habitat, widely distributed.— Properties, very varied. 

OFFICINAL. 

Urginea Scilla (Squill), — bulb; — stimulant, expectorant, 
and diaphoretic. 
Aloe vulgaris (Aloe), — inspissated juice ; — purgative. 

Obdee 86. — MelanthacecB — Colchicwn Family, 

Herbs with bulbs, conns, or swollen roots. Flowers 
regular, symmetry 3-merou8 ; perianth more or less free ; 
anthers extrorse ; fruit capsular ; seeds albuminous ; 
embryo minute. 

Ex. Colchicv/m; Veratrwm, 

Habitat, widely diffused. — Properties^ dangerous 
irritants. 

OFFICINAL. 

Asa^rsBa officinalis (Sabadilla), — dried fruit yields alk. 
Veratna,— a powerful purgative wA\Q<iviy\XT^^»2D^^j5»» 



\ 
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Colchicum autxuniiale (Oolcliicum) ; — corm and seed 
(yielding Colchicia), — ^purgative, used in gout. 

FOEMERLY OFFICINAL. 

Veratmm albnm (White Hellebore), yielding veratria, 
and producing the same effects as Sabadilla. 

Ordee 87. — JuncacecB — Bnish FamiVy, 



Type, Sa P3 St, _ Cr 
SedfiTT 



Igy or grass-like herbs. Flowers regular, sometimes 
glumaceous, in heads; perianth inferior, persistent; 
anthers introrse ; fruit capsidar ; embryo minute in homy 
or fleshy albumen. Ex. Juticus, 

Habitat, cold and temperate regions.— Properties, of 
little importance. 

Ojbldee 88. — OrchidacecB — Orchid Family, 
Type, , Sr P3 I Sti Cr i 



Herbs. Flowers irregular; perianth adherent to the 
ovary ; calyx more or less coherent ; corolla often twisted, 
BO that the posterior part becomes anterior (the labellum) ; 
stamens gynandrous ; pollen coherent, forming pollinia ; 
ovary one-celled ; placenta parietal ; seeds numerous. 

Ex. Orchis; Vanilla. 

Habitat, temperate and tropical climates. — Properties, 
of no great importance. 

Order 89. — Zingiheraceoe — Ginger Family, 

Aromatic herbaceous plants, with a creeping rhizome. 

Ex. Zingiber; Curcuma. 
Habitat, tropical regions. — Properties, aromatic and 
astringent. 

OFFICINAL. 

Zin^ber officinale (Ginger), — dried rhizome, — aromatic 
and stimulant. 

Elettaria cardamomum (Cardamom), — seeds, — aromatic 
and astringent. 

Curcuma longa (^T\xTmfei\(i^,-~T*!DMLQrBi^v~^<^^^ and 
test agent, Btimulant. 
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Order dO.^^Ma/rantacece—Arrow-root Family, 

Closely allied to ZingiberacesB, but want the aroma. 

Ex. Maranta; Oanna, 
Habitat, tropical. — Properties, nutritive. 

rORMERLT OPPICINAL. 

Maranta arundinacea (Arrow-root),— rhizome,— demul- 
cent and nutritive. 

Order 91. — Amot/ryllidacem, 

Bulbous and scape-bearing plants. Flowers regular, or 
nearly so ; perianth superior, sometimes with a corona ; 
stamens 6 ; anthers introvee ; fruit a capsule or berry ; 
seeds albuminous ; radicle next to hilum. 

Ex. Amaryllis; Na/rcissus, 

Habitat, chiefly Cape of Good Hope. — Properties, some 
poisonous. 

Order 92,-^IridacecB — Iris Fa/miJ/y, 

Perennial herbs, with underground stems. Leaves 
equitant ; flowers regular or irregular ; perianth superior, 
petaloid; stamens 3; anthers extrorse; stigma often 
petaloid ; fruit capsular ; seeds albuminous. 

Ex. Iris; Orocus, 

Habitat, chiefly Cape of Good Hope. — Properties, some 
acrid. 

OPPICINAL. 

Crocus sativa (Saffron), — stigma and part of style ;— 
colouring agent, slight stimulant. 



Order 93.— -iZitfrnacece. 

Marsh herbs, with scape-like flowering stems ; flowers 
perfect, or monoecious ; perianth double ; ovaries sepa- 
rating into nuts ; embryo straight or curved, without 
albumen. Ex. Alisma; Butomus. 

Habitat, marshy ground in all parts. — Properties, un- 
important. 



OUTLUIBI or KLEHiaTABT BOTAST. 



1. JnocBgioete. Feriantli acaij ; embryo Bti^ht. 

2. Alismete. Inner part of peiiantli coloared; oroles 
Bolitarr or twin ; embryo cnrred. 

3. BntomeiB. Inner part of perianth coloured ; omlee 
DtimeronB, all over tlie interior of the carpels i embrjo 
curved. 

Obdss 94. — NaiadaeecB^Fond-weed Family, 

Cellnlar aqnatic plants, with jointed atema. Leaves 

Btipnlate ; flowers small, nsnally diclinous, naked, or wiU) 

a scale-like perianth; ovary 1-celled, and l-ovuled; seed 

eialbnminons ; embiyo straight or carved. 

Ex. Zottera ; Pola/mogeion. 

Habitat, nnivereally diffused. — PropertieB, of no im- 
portaoce. 



SUB-OLASS m. 

QlanUfera. 

Monocotyledons, with the flowers in spikeleti ; penantL 

Via. 814. 




Diagnm of OInmifem. 
a, Lodiculs. b, FaleD. e, Glumoa. 

acaly or bristly ; leaves moaUj linear, with large iheaths, 

k tubular or slit ; seeia elWi '" 
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OsDZB 96. — QrammacecB'^Qrass Family, 

Tjrpe, S,4i P, St, Cj 

Mostly herbs, rarely shrubs. Stems round, jointed, and 
nsuallv hollow ; leaves alternate ; leaf-sheath split, with 
a ligule at the base of the lamina ; flowers composed of a 
whorl (2) of bracts called glumes ; calyx in the form of 
scales (paleae), the inner double; the corolla of 2 or 3 
hypogynous scales (lodiculsB), sometimes wanting; sta- 
mens nypogynous ; anthers versatile ; ovary superior, 
1-celled ; ovule solitary ; stigma hairy ; fruit a caryopsis ; 
seed albuminous. 

Ex. Hordewm; Triticum, 

Habitat, universally distributed. — Properties, very 
varied. 

OFFICINAL. 

Triticum vulgare (Wheat), — flour, bread, and starch ; — 
nutritive and demulcent. 

Hordeum distichum (Barley),— seeds decorticated;— 
demulcent. 

! seeds modified by a fun- 
gus ; excito- motor to 
muscles of vessels and 
uterus. 
Saccharum officinarum (Sugar), — purified juice; — 
sweetening agent. 
Contains the plants most valuable to man. 

Ordeb 96. — OyjjeracecB — Sedge Famil/y, 

Type, So R St, Ty 

Grassy or rush-like herbs. Stems solid, unjointed, 
often angular ; leaf-sheath entire ; flowers in spikes, 
perfect, or unisexual, rising from glumaceous bracts ; 
perianth generally absent, or, if present, as a kind of 
tube, scales or bristles ; stamens hypogynous ; ovary 
1-celled ; fruit indehiscent ; seeds albuminous. 

Ex. Cyperue; Careso. 



•ODTLUfBS OF ELEUBKTAHT SOTAMT. 







I stamiDiferout 
t, the linear TenBtidii of the 1 

_eDoe of ligulffi. a. Stuniniferoua flowen, with erect 

iimale SDtben. h. Fiatilliferoua fiawera enlarged, to shov the 
OTUT, Bt^la, the three plumose itigDiata, sod t^ keeled bractetc. 
o. The doable acsle at the base of the fertile flower, d. ThB 
fruit enlarged, and cut tranirerselj. 



SUB-KINGDOM II. 

CETPTOGAMIA— FLOWEELE88 PLANTS. 

CLASS in. 

Acotyledones. No embryo or seed lobes. 

Propagated by spores containing no embryo, and having 
no distinction of parts, and therefore no cotyledons ; stems 
present or absent, ^hen present, growing at the summit 
only ; leaves, when present, with forked venation ; no true 
flowers. 

SUB-GLASS L 

AerogencB, 

Acotyledons, with stems and leaves distinguishable, and 
possessing stomata. 

Ordeb -97. — Filices — Ferns, 

Herbs with an underground, or trees with an aerial, 
stem. Leaves or fronds simple or compound, usually with 
circinate venation ; fructification of sporangia commonly 
collected in sori usually in the forks of the veins, on the 
under surface or at the margins of the leaves, naked or 
covered by an indusium. 

Habitat, moist and mild regions. — Properties, of no 
great importance. 

SUB-OEDEBS. 

1. PolypodiacesB. Pronds circinate ; sporangia more or 
less annulate, with perpendicular ring, on the surface of 
the fronds, or in spikes. 

Ex. Pohfpodvum. 

2. DansBacesB. Fronds circinate ; sporangia exannnl&iA« 

Ex. Domoea. 
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3. OpliioglossacesB. Fronds not cirdnate; sporangia 
exannnlate. Ex. Ophiogloaswm. 

OFnCINAL. 

Aspidium FHix mas (Male Fern), — ^rhizome and ex- 
tract ; — anthelmintic. 

Obdeb 98. — 'Equieetacecd — Horsetail Fcumily. 

Heads with striated, jointed, fistular stems, — simple or 
with whorled branches — rising from slender rhizomes. 
Scales surrounding the stems at the joints, looked apon 
by some as leaves; stems otherwise leafless; fructifi- 
cation in cone-like masses at the extremity of the stem, 
consisting of peltate scales bearing sporangia which 
dehisce by longitudinal fissures on their lower surfaces ; 
spores with four club-shaped, hygrometric filaments, called 
elaters. Ex. Equiaetv/m, 

Habitat, marshy spots in most parts of the world. — 
Properties, contain much silica. 

Oedbr 99.— lfar«iZeace(B — Fepp&rvoort Family, 

Aquatic herbs with floating or creeping stems. Leaves 
stalked or sessile, circinate ; fructification at the bases of 
the leaves ; antheridia and pistillidia in the same, or in 
separate sporangia. 

Ex. Pihilaria; Ma/rsOea. 

Habitat, mostly in temperate climates. — Properties, of 
no importance. 

Okdeb 100. — LycopodiacecB — Chih-moss Family. 

Herbs with creeping, bifurcating stems, or aquatic 
with corm-Hke stems. Leaves usually small and imbri- 
cated ; fructification in the axils of leaves, or immersed 
in their substance, sometimes in spikes ; sporangia 
containing only smaU antheridian spores, or one set 
containing these, and another containing large ovulary 
fltpores. Ex. Lycopodittm ; Isoetes. 

Habitat, univeraaW-^ offivjiB^— ^TOi^t^dsa^ some are 
dang-eroos. 
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OaDEa 101. — Musci — Moss Family, 

Land or water plants with erect or creeping stems. 
Leaves minute cellular ; fructification of antheridia and 
arcliegonia, either on the same or on different plants. 
Antheridia are more or less rounded, or cylindrical sacs, 
enclosing cells (Zoothecas), which each contain a repro- 
ductive filament (phytozoon). The archegonia are flask- 
shaped, after fertilization producing solitary sporangia, 
containing spores without elaters. The sporangium is 
supported on a stalk (seta), and at first is covered by a 
hood (calyptra), beneath which is an operculum or lid. 
When dehiscing, the mouth of the sac breaks into teeth 
(peristome), either four or a multiple of four in number. 

Habitat, generally diffused, but most abundant in tem- 
perate regions. — Properties, unimportant. 

SUB-ORDBSS. 

1. BryaccBB— Urn Mosses ; sporangia dehiscing trans- 
versely, or irregularly. 

Ex. Bryvmi, 

2. AndroBaceoB— Split Mosses ; sporangia splitting into 
four valves, connected at the top by the persistent oper- 
culum. Ex. And/rcBa, 

Order 102. — Hej^aticdcem — Liverwort Family, 

Small cellular plants with creeping stem and imbri- 
cated leaves, or frond-like thallus. Fructification of an- 
theridia and archegonia in the substance of the thallus, 
sessile or stalked ; sporangia sometimes open by valves, 
and spores have elaters. 

Habitat, generally diffused, mostly in damp tropical 
regions. — Properties, unimportant. 

SUB-OBJ)ERS. 

1. JungermanniacesB (Scale Mosses). Sporangia open- 
ing by four valves, and spores with elaters. 

Ex. JungermoMnia, 

2. MarchantiacesB (True Livei'worts). Sporangia burst- 
ing irregularly ; spores with elaters. 

Ex. Marchantia, 

3. Kicciace89 (Crystal- worts). Sporangia without valves; 
no elaters. Ex. Biccia, 



A A 
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Order 103. — CharacecB. 

Water-plants with a distinct stem. Branches in whorls, 
sometimes coated with carbonate of lime. 

Ex. Chara; Nitella. 

Habitat, stagnant water, mostly in temperate climates. 
—Properties, some very foetid. 



SUB-CLASS n. 

ThoMogenoB. 

Acotyledons, without any distinction between stem and 
leaves ; no stomata. 

Obj)er 10^,— Idchenes — Lichens. 

Cellnlar plants with a more or less cmstaceons thallns, 
sometimes parasitic ; fructification either in the sub- 
stance or on the surface of the thallus; reproduction 
(vegetative) by gonidia produced in the thallus, or by 
spores produced in sacs termed asci, and spermagones 
containmg spermatia. 

Ex. PanneUa ; Cetraria. 

Habitat, universally diffused. — Properties, yield dyes, 
food, and medicine. 

OFFICINAL. 

Cetraria Islandica (Iceland moss) — thallus, — nutritive 
and tonic. 
Boccella tinctoria ) (Litmus), — thallus, — colouring 
Lecanora tartarea ) agent. 

Order 105. — Fungi — Mushroom Family, 

Cellular plants with a spawn (Mycelium) through which 
they are nourished. Fructifying m the air ; living on, or 
in, decaying organic substances. Fructification varied. 
Ex. Agaricus ; Torula; Mucor, 
Habitat, all parts o£ t^iQ -s^orld. — Properties, some poi- 
sonous, some edible. 
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The following distinctions are given by Professor 

Bentley :— 

Edible Mushrooms. Poisonous Mushrooms, 

1. Grow solitary in dry, airy 1. Grow in clusters in woods, 

places. and dark damp spots. 

2. Generally white or brown- 2. Usually brightly co- 

ish. loured. 

3. Flesh compact and brit- 3. Flesh tough, soft, and 

tie. watery. 

4. Do not change colour 4. Become brown, green, or 

when cut and exposed blue, when cut and ex- 

to the air. posed to the air. 

5. Juice watery. 6. Juice often milky. 

6. Odour agreeable. 6. Odour usually strong and 

unpleasant. 

7. Taste not bitter, acrid, 7. Taste acrid, acid, astrin- 

salt, or astringent. gent, salt, or bitter. 

^^ When doubtfcd, steep them in vinegar, and boil 
them well before using. 



Oedek 106. — AlgoB — Sea-weed Family, 

Cellular plants growing in water and moist places. 
Thallus brown, red, or green ; of large size or microscopic ; 
fructification varied. 

Habitat, universally diffused. — Properties, some used 
as food. 

SUB-OKDERS. 

1. MelanospermesB, Fucoideae, or Olive-coloured sea- 
weeds. Marine plants. Thallus multicellxdar, of an olive- 
green or olive -brown colour ; reproduced by zoospores, 
spores, and antheridia. 

Ex. Fucus; Laminaria, 

2. Khodospermeas, Floridese, or Rose-coloured sea- 
weeds. Marine plants. Thallus multicellular, red or 
purple ; reproduced by spores, antheridia, and tetra- 
spores. Ex. Ohond/i'us; Corallina. 

3. ChlorospermesB, Confervoideae, or Green sea-weediu 
Marine or fresh-water plants. \3\i\a^\i^iMt ort xKsi^^aSss^Ks. 

A L% 
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sea-weeds, nsnallj green, rarely red ; reproduced by spores, 
from conjagation or impregnation, and by zoospores. 

Ex. Ulva; Conferva, 
4. Diatomaceea, Brittle-worts. Microscopic nnicellnlar 
plants, isolated or combined; forms regular; covering 
membranous or siliceous ; reproduced by spores, zoospores, 
and division. 

Section 1. — Diatomesa. Fresh water and marine; 
covering siliceous. 

Ex. Navicula, 
Section 2. — Desmidieae. Fresh-water plants of a 
green colour ; covering without silica. 
Ex. Deamidium. 

5. VolvocinesB. Microscopic bodies floating freely in 
water, and swimming by cilm. 

£iZ. Vohox, 



PAET V. 

GEOGRAPHICAL AND GEOLOGICAL BOTANY. 



SECTION I. 

GEOGRAPHICAL BOTANY. 

As all plants are not equally distributed in space and in 
time, tne object of this department of Botany is to find 
out the laws by which their distribution is regulated. 
Though dissimilar in their facts, the principles to be 
applied for the elucidation of these facts in the two de- 
partments are closely allied — more so, indeed, than would 
appear to the uninitiated. 

Influences hearing upon the Spread of Plants, — Of all 
the influences bearing upon the spread of plants, by far 
the most important is that of climate. Various con- 
stituents go to make up what is termed climate— viz., 
heat, moisture, light, atmospheric disturbances, &c., all 
of which are of importance when considering the distri- 
bution of plants. Every species of plant can bear a 
certain vanation in temperature, but if this be exceeded 
in either direction the plant dies from excess of cold in 
the one case, from excessive heat in the other. Were 
land and water equally distributed, and were the earth's 
surface perfectly level, it miffht be expected that every 
place under the same parallel of latitude would have the 
Hamo temperature. Such, however, is not the case, and 
lines of equal temperature (Isothermal lines) do not, 
therefore, coincide with the parallels of latitude. In 
geographical botany, moreover, the lines of average tem- 
perature are really of less importance than tnoae ol 
highest and lowest tempeTatux^, \io\JcL ^sisi»»^ -^^ssS^ 
diumally. Besides the liomoTi\>^ AMi'b^ Cil "^^wasat^^^ss^^ 
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plants have certain limits vertically, fot* an ascent of a 
tew hundred feet makes as great a diflPerence as many 
miles measured along the surface of the earth ; so that 
plants inhabiting the arctic zone may be found growing 
within the tropics, though at a great height above the 
level of the sea. 

Moisture a/nd Drought depend, in a great measure, on 
temperature, and are therefore agents secondary to it. 
As the ocean is the great source of moisture, those parts 
adjoining it will have a damper climate than those more 
inland. Again, as mountains are the chief means of 
abstracting vapour from the atmosphere, those countries 
which possess high mountains will be better supplied 
with water than flat districts in the same latitude. The 
direction of winds is also of some importance as to the 
diffusion of moisture, for winds that have blown over an 
extensive tract of land, will contain but little moisture 
compared with those blowing directly off the sea. 

The distribution of plants is also affected by minor, 
though still important influences, such as marine cur- 
rents, in conveying fruits and seeds from one place to 
another. Rivers act in the same manner, more especially 
those flowing parallel with the equator. Winds carry 
the lighter seeds of the Phanerogamia and the spores of 
the Cryptogamia. Icebergs convey earth and seeds to 
distant regions ; and migrating animals carry with them 
seeds in their coats or stomachs. Man also is an im- 
portant agent in the distribution of species, carrying 
with him those which are beneficial, and destroying those 
that are noxious. Man also modifies, to some extent, the 
habitat of species, altering the climate by cutting down 
forests, and draining swamps, from which cause many 
plants have been exterminated and new ones substituted. 

Distribution of Plants. — When individual species are 
examined, it will be found that they vary extremely as 
to the area of their distribution, some bemg almost cos- 
mopolitan, whilst others are strictly local. There is, 
however, in every case, a region where the species is most 
abundant, and the specimens are best developed : this is 
termed their centre distribution, and the space in which 
they occur, is called their area of distribution. It often 
happens that the area is interrupted, as in the case of the 
iScottish, Scandinaviaji, and. Syriaa mountain tops, which 
appear to. possess neafVy \d.en\iv!a3L ^ot^^. Tci;i^ ^s ac- 
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counted for by supposing that at a former period these 
mountain tops were directly connected by land or by 
water, and that every part, except these mountain tops, 
was covered by water during what is termed the " Glacial 
Period," is now universally admitted. When the same 
species does not occur in two countries having a similar 
climate, it often happens that one is represented by 
another closely allied to it, as in the case of American 
and European violets. Cape and British heaths, and so 
on. As to the mode in which species originate, no sub- 
ject is more canvassed at the present day, and any dis- 
cussion of it would be very mucn out of place here. 

Botanical Zde^ion«.— Various attempts have been made 
to map out the globe into regions characterised by a 
peculiar vegetation. Of these the two most importent 
are Meyen's and Schouw*8. 

Meven divided the globe into zones, bounded by 
parallels of latitude, but as variations of temp>erature 
depend on more than the mere latitude of a place, isother- 
mal lines are preferable as boundaries. His first zone 
was the equatorial, characterised by the extreme luxuri- 
ance of its vegetation, on either side lay the tropical and 
suhtropical zones, bounded in turn by the warmer and 
cooler temperate zones, beyond which came the euharctlc 
and arctic, with finally the polar zones. 

Schouw's regions are characterised, not by temperature 
but by vegetation; unfortunately, they do not exactly 
correspond with the latest information, as much has been 
learnt since his arrangement was made public. He 
divides the surface of the earth into twenty-five regions, 
according to the following principles : 1st. At least one- 
half of the species of a region must be peculiar to it. 
2nd. One-fourth part of the genera either peculiar to the 
region, or attain their maximum in it. And 3rd. The 
orders either peculiar to, or at their maximum in it. 

Altitude. — The vertical disposition of plants, as already 
mentioned, closely corresponds with their horizontal 
distribution. Humboldt divided the regions observed on 
high tropical mountains into tropical, temperate, and 
frigid, corresponding in their products with the same 
zones on the surface of the glooe. Meyen attempted a 
more exact classification, but has not been entirely 
successful. His first region la t\v^l o!?. ^^iksfia» "^ssS^ 
Bananas, corresponding 'wi^iYi \l\^ ^ojojeiviTiaX. vsv:ka\ ^s^a. 
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second, that' of Tree Ferns and Figs with his tropical; 
his third, that of Laurels and Myrtles with his sub- 
tropical; his fourth, or region of Evergreens, with his 
warmer temperate zone; his fifth, that of Deciduous 
trees, with his colder temperate zone ; his sixth, that of 
ConiferaB, with his subarctic; his seventh, or Ehodo- 
dendron region, with his arctic zone ; and his region of 
Alpine herbs, with his polar zone. The British flora 
contains plants of several typej. Thus plants of what is 
termed the British type are common to the whole 
country, and seem to have their head-quarters in it. 
There are also the English, Germanic, Atlantic, Scottish, 
and Highland types, each represented by species whose 
centres appear to be located in or near the places named. 
The only two vertical regions observed are termed the 
Arctic and Agrarian, but each contains several sub- 
divisions. 



SECTION II. 

PALiEONTOLOGlCAL BOTANY. 

As Geographical Botany deals with the distribution of 
plants in space, so Geological or PalsBontological Botany 
treats of their distribution in time, and scanty^ thouffn 
the materials still are, for obtaining an insight into the 
former, facts are still more deficient with regard to the 
latter. 

Nature of Vegetable JF(9««^«7«.— Plants occur BififoesiU in 
various conditions, sometimes as petri factions, where the 
natural tissue of the plant has been superseded hj some 
mineral substance, as silica, lime, or pyrites. Again they 
occur in the condition of coal, either as anthracite, lignite, 
or peat, and very often only as casts, nothing being left in 
the rock save an impression. There is mucn more 
difficulty in the way of studying the botanical than the 
zoological part of Palaeontology, as it is but rare that the 
characteristic portions of plants are found, and micro- 
scropical structure can do little more than indicate the 
great division of the kingdom to which the vegetable 
belongs. Besides this, those plants which occur most 
abundantly in the older formations are of a texture which 
it is difficult to preserve in a recognisable state, and it is 
only fair to conclude that many of them have entirely 
disappeared. Nevertheless, it must be conceded that as 
mucn attention has not been given by geologists to 
Botany as to Zoology. 

GEOLOGICAL DISTRIBUTION OP PLANTS. 

Palaeozoic. — In the elder palsBOzoic rocks few plants 
occur, and those that are found are mostly Cryptogams, 
Thallogens, and Acrogens, with a few Gymnosperms. 
During the coal period, vegetation was very abundant, 
though the number of known species is inconsiderable; 
they were Cryptogams, more especially Fetw^a ^xA \r^'!^^- 
pods, some as Asterophyllitea, aiv.^ ^\^^^\«k ^\ ^^-^^i^Sc^ 
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5 lace, with a few Gymnosperms, and some donbtfttl 
[onocotyledons. 

Mesozoic. — During the mesozoio epoch, Cryptogams 
lose their old supremacy to be replaced by Conifers and 
Cycads, while m the chalk, Dicotyledons make their 
appearance for the first time. 

Tertiary.— The tertiary formations are characterised 
and distinguished from all preceding groups by the 
marked preponderance of Dicotyledons and Monocoty- 
ledons over Cryptogams. Dunng the miocene period 
palms appear to have been very abundant, but they dis- 
appear during the pliocene, whilst in pleistocene deposits 
but few vegetables occur, those few being ConiferaD. 
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ABIES 208, 842 

-"■ Abortion 106 

Acacia 80, 207, 818 

Accumbent. Lai. Ad, to ; and Gumbo, I lie 169 

Achene. (rr. Ach5n, poor 165 

Achlamydeous. Or. A, without; and Chlamus, a cloak 100 

Aconitura 12, 81, 68, 804 

Aootyledons. Or, A, without ; and Kotuled5n, a seed lobe 861 
Acrogens. Or, Akrds, the top; and Grennad, I produce 861 

Acuminate. Xa^ Acumen, a point 49 

Acute. LcU, Acutus, sharp 49 

Adhesion. Lat. Ad, to ; and Haereo, I stick 106 

Adnate. L(U, Ad, to; and Natus, burn 67 

Aegle 160, 81*2 

Adventitious. Lat, Ad, to; and Venio, I come 8, 26 

Estivation. Za^ JEstas, summer .'. ... Ill 

Agaricua 

Alae. Za^ Ala, a wing 

Albumen. Lat. Albus, white 
Alburnum. Zo^. Albus, white 
Alg8B ... 



_ ••• • .« ... 

Aloe 



••• ••■ ••• •• 



■ • • 

• • • 

• •• 



... 864 
... HI 
... 167 
... 229 
286, 865 
64, 845 

... Ou 

12, 310 



Alternate. Lat. Alter, another 
Althaea ....... 

Amaryllidaceee 847 

Amentum. Xa<. Amentum, a thong 83 

Ammonia ... ... ... ... ... ... ... 245 

Ammoniacum . 94,823 

Amplexicaul. Lat, Amplexus, embracing ; and Caulis, a 

Bbom ... ... ... ... ... ... ... vo 

AmygdalesB 818 

Anacardiaceae 816 

Anacyclus 18, 827 

Anatropous. Or, AnatrSp5, I turn upside down 164 

AndrsBcium. Gr. An6r, a man •, and OW^^, «.\iW5a» •- ^^^^ 
AngioBpermm, Or, AggeiOn, 8bveaa«\\ Wid ^^^tm^^w^ 'i^^ 
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Anil^stiira ... ... ... ... ... ... 80, 314 

AnisoniftroiiB. Or. A, not ; IsOs, equal ; and MSrds, apart 102 
Anbostenionous. Or. A, not ; Isda, equal ; and Stemon, a 

stamen ... ... ... ... ... ... ... 183 

Annular. Za<. Annulus, a little ring 9 

i^xUlcrlOr ■■. ... ... ... ... •■• ... tf t 

Antbemis 93, 327 

Anther. (7r. AntbSs, a flower 126 

Antberidia. Gr, Aothds, a flower ; and Eidl^s, resem- 

Dlafice ... ... ... ... ... ... ... lol 

Antbocarpous. Gr. AntbOs, a flower ; and KarpSs, fruit 159 

Antliophore. Gr. Anthds, a flower; and Pbgro, I bear 109 

ApetalouB. Gr. A, without ; and Petaldn, a petal ... 100 

A.piace8B ... ... I.. ... ... ... ••■ omx, 

Apicilar. Lot. Apex, tbe summit 145 

Apocai-pous. Gr. ApO, separate; and Karp6s, fruit ... 153 

^xpocynacesB ... ... ... ... ... ... ... ookj 

Apotbecium. Gr. Ap6, from ; and llieke, a sheath ... 183 

Appendiculate. Lot. Ad, to ; and Fendo, I bang .. 129 

Aquifoliaceffi 328 

^XJ nt^A^w ••• ••• ••• -••• ••• ••• «^« ••• 04 % 

Xm actllcbCctt) ••• ••• ••• ••• ••• ••• ••• tj ^O 

Archegonia. Gr. Arcbe, origin ; and GSnds, a race ... 181 

Arctostapbylos ... ... ... 64, 328 

Arillus. Lat. Areo, I am dried up ... ... ... 166 

Aristolocbiacese ... ... ... ... ... ... 340 

jcxTiiica ... ... ... ... ... ... ... ^'t ^^f 

Artemisia 93, 327 

Articulation. Lat. Artus, a joint 39 

Assafoetida 207, 322 

AssagrsBa ... ... ... ... ... ... 161, 345 

Ascidia. (rr. Ask Ss, a pitcher ... ... .. ... 61 

xxSwcracecB ... ... ... ... ••• ... ••. o^o 

Astragalus ... ... ... ... 207,317 

iZxtropia... ... ... ... •.' ••• ... ..• iSiv 

AurantiacesB ... ... ... ... ... ••• ... 812 

Auriculate. Za^ Auris, an ear ... ... 48 

Axial. 6V. Ax5n, a central line ... ... ... ... 169 

Axil. Lat. Axilla, the armpit ... ... ... ... 23 

Axile. (7r. Axon, a central line ... ... ... ... 145 

Azotized. (?r. A, not ; and Zoon, an animal ... ... 244 



T)ACCA. Zaf. Bacca, a berry 159 

-^ Bael 160,312 

JBaiausta. Gr. Balausti^n, VXve V\\^ ^om«i\gofla.\A 159 

JBaisamodendron 'iKV^^JA 
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PAoa 

JjaUVaU ••• •>, ••• •>• ••• ••• ••• Av 

JjfliFiL ■•• ■•• •>• ••• >•• ••• ••• ••• Jbv\J 

Basidiospores. Or, Basis, a base ; Eidds, a resemblance 185 

Basilar. Or, Basis, a base 145 

jjasv ••• >•• ••• ••• ••• ••• ••• ••• Mfjx 

Bebeeru ... ... ... .. ... ... 80, 835 

Belladonna 12, 64, 831 

Benzoin 20S, 829 

Biforines. Lat, Bis, twice ; Foris, adoor 206 

Bigeners ... ... ... ... ... 270 

Blanching ... ... ... ... ... ... ... 254 

Bletting 272 

Boraginacese .. 832 

Boswellia 207,816 

Botbrenchyma. Or, Bdthrfis, a pit ; and ChumSd, juice ... 215 

Bracts. Xa^ Bractea, a floral leaf 77 

Brassicaceffi .. 807 

Brayera 98, 819 

BryacesB 858 

Bryophyllum 188 

Bucbu 64, 814 

JDUUb ••• .»• ... ••. ... ... ... ... JuO 

Baibs. (/r. Bdlbds, a bulb 15 

j^uni • ... ••• ••• ... ... ... ... stoo 

ButomesB ... ... ... ... ... ... ... 848 



CADUCOUS. Lat. Cado, I fall 92, 116 
CfiBsalpineae 817 

Cajeput 64, 209, 819 

Calabar bean ... ... ... ... ... ... ... 818 

Calumba ... ... ... ... ... ... 1.2, 806 

Calyciiiorae. Or, Kalux, a cup ; and Lai, Flos, a flower 107, 815 

Caiyptra. O. Kaluptd, I conceal 179 

Calyx. Or. Kalux, a cup 118 

Cambium. Lat, Cambio, I change 230 

CampanulacesB 827 

Campanulate. Zat. Campana, a bell 121 

Camphor 209,885 

Campy lotropous. Or. Kampulds, curved ; and Trdpd, I turn 165 

Cannabis 81, 887 

Capillary. Lat. Capillus, a hair 127 

Capitate. Zo^. Caput, a head 147 

Capitulum. Za^. Caput, a head 88 

Capsicum 161, 882 

Capsule. Zo^. Capsa, a chest \^^ 

Caraway \'5,\,^^^^'^n& 
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PAGB 

x^OiUOu ••• ••• •• ••• ••• ••• ••• 2S4x 

Carceralas. Xot. Career, a prison... 157 

Cardamom ... ... ..• ... ••• ... 169, 346 

x^Ar^JL ••• •• ••• ••• ••• ••• ••• ••• Ov V 

Carpelfl. (7r. Karpfig, fruit 137 

Carpophore. (?r. KarpOs and PhSr5, I bear 110 

v/arrOv ... •>• ••• .■* ... ... ... ... v^uo 

Caryophyllacese 810 

CaryopbyllaceouB 119 

Caryopsis. (?r. KaruOn, a nut 156 

Caacarilla 30,337 

Cassia 64, 160, 318 

Castor-oil 208,337 

Catechu 30, 64, 318, 325 

x^aiiKlU ... ••• .•• ... .«. ... .■• ... o9 

Caudex. Lat, Csado, I cut 23 

Candicle. IaU. Cauda, a tail 136 

Caulinary. Lot, Caulis, astem 56 

Cauline Ditto ... 37 

Caulis Ditto 23 

\yvxi9 ••• ••• ••• ••• •■• ••• ••• ••• X %y ^ 

Cellulares 300 

Cellular tissue 220 

Cellulose 191 

Central placenta 145 

Centrifugal. Lat Centrum, a centre ; and Fugo, I flee ... 80 
Centripetal. Lat. Centrum, a centre ; and Peto, I seek ... 80 

Cephaelis 12, 325 

Ceramidia. Gr, KSramis, a roof tile ; and Eid^ re- 
semblance ... ... ... ... ... ... 187 

v^eucuna ••• ... ••• *.* ... ... ... oOy 

Cbalaza. (rr. Chalaza, a hailstone 164 

Chamomile ... ... ... ... ... ... ... 327 

CharacesB ... •*. ... .. ... ... 176,354 

Chenopodiacero ... 335 

Chimapbila ... ... ... ... ... ... ... 328 

Chlorophyll. Or. ChlorSs, green ; and PhuUdn, a leaf ... 202 

ChlorospermesB 186, 355 

Chorisis. ^rr. Chorizo, I split 104 

Chromule. Or. Chroma, colour 203 

Cicatrix. Za^. Cicatrize, I heal 39 

CichoracesB ... ... ... ... .. ... ... 327 

Cinchona 30, 325 

Cinenchyma. Or. Kingo, I roll; and Chumds, juice ... 212 

Cmnamon ... .. ... ... 30, 335 

Circinate. Lat, CircmoT, 1 wsi ^ioxK^^ajaad about 70 
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Circulation 257 

Circumscissile. Lai, CircoiD, round about ; and Scindo, 

X cicavo ••• ••• ••• ... ••• ... ... xOiB 

v^lSbaCCeB ••• •«• ••• >•• ••• ... ••• o\)}f 

ClasBificatioD 286 

Clavate Lat, Clayaa, a club 127 

>^'HVT ••• ••• •• ... *•• ••• ... «.. J^ X / 

V/IOV68 ... ••• •.. ... ... ..• ... uOf OiV 

Club mosses 176, 852 

Cocci. Chr. KOkkds, a berry 157 

Coccidia. Gr, Kdkkds, a berry ; and EidOs, resemblance 187 

Cocculus Indlcus ... 160, 806 

Cochineal ... ... ... ... ... ... ... 285 

Cocbleariform. Lot. Cochlea, a spoon ; and Forma, shape 117 
v^onee ... ... «•* ... ... ... ... ... 0^0 

Colchicum 17, 169> 846 

Coleorbiza. Or. Koilds, hollow; and Bhiza, a root ... 282 
CoUenchyma. (?r. K511a, glue ; and ChumOs, juice ... 214 

Colocynth 161, 821 

Colours of flowers 260 

Columella. Za^ Columen, a pillar 179 

Coma. Lat, Coma, hair 166 

Complete ... ... ... ... ... ... ... 98 

CompositfiB 826 

CoDceptacles. Lai, Con, together ; and Capio, I hold ... 187 
Conduplioate. Lat, Con, together; and Duplex, double... 69 

Coue. Zro^. Conus, a cone 159 

Coniferse ... ... 841 

Conium 64, 161, 322 

Conjugation. Za^ Coo, together ; and Jungo, I join ... 268 
Connate. Zo^. Con, together ; and Natus, bom .. ... 49 

Connective. Lat. Con, together ; and Necto, I join ... 127 
Connivent. Lat. Con, together; and Niveo, I wink ... 114 
Contorted. Lat. Con, together; and Tortus, twisted ...9, 111 
Convoluie. Xa^ Con, together ; and Yolutus, rolled ... 70 

Convolvulace» 881 

Cojiaifera 207, 818 

v'Oraiiine ... ... ... ... ... ..• ... \f 

Cordate. Zo^. Cor, the heart 48 

Cordyliceps 284 

Coriander 161, 209, 328 

Vy vA A ••• ••« ••• •■• •■• ••■ ••• tB* mO X 

Corm. (ir. KfirmSfl, a trunk 16 

Cormophytes. Gr. Kdrmds, a trunk ; Phutdn, a plant ... 800 

Corolla. Za^ Corolla, a garland 116 

Corolliflorse. Lat. Corolla, a garland ; and Flos, a flower 109, 824 
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P1.0B 

Gorrogated. Lai, Con, together; and Bugm, a wrinkle ... Ill 

Ck>rymb. (7r. Kdros, a crown ... 82 

CorymbifertB ... ... ••• ... ... ... ... 326 

\/Ob VOu ••• ••. ... •«. ... ... *.• ... ^fv 

Cotyledons. 6^r. Kotul§d5n, a seed lobe 168 

CrassulacesB ... ... ... ... ... 320 

Cremocarp. Or, Kremannumi, I suspend; and Karp^s, 

iniiw ... •«. .«> ... ... ... ... xo«f 

Crenate. Xo^. Crena, a notch 50 

v^rocus ... ••• .•• ... •«. ... i.'xl ^ o^i 

Croton-oil 208, 337 

Cruciferte. LcU. Crux, a cross ; and Fero, I bear 309 

Cmciform. LcU, Crux, a cross ; and Forma, shape ... 119 
Cryptogamia. Or. Kruptd, I conceal ; and Gramds, marriage 351 

Cu*bebs • 161, 209, 389 

Cucurbitaoes ... ... ... ...' ... ... ... 321 

Culm. Zo/. Culrous, a stalk 22 

Cupule. Lot, Cupula, a cup... ... 77 

Cupulifersd ... ... ... ... ... ... ... 388 

Curcuma ... ... ... ... ... ... 18, 346 

Curviserial. LcU. Curvus, crooked; and Series, an order... 36 

Cuspidate. Lat. Cuspis, a wedge 49 

Cuticle. Lat, Cutis, the skin 216 

Cyme. ^. Kuma, a wave 84 

Cynarocephalse ... ... ... ... ... ... 326 

Cynurhodon. Or, Kuon, a dog; and RhOddn, a rose ... 156 

V/VU^^ctC6cQ ••• ••• '••• ••• ••• «•• ••• 04i7 

CypseU. (7r. Kupsgle, a bee-hive 159 

Cystidia. Or. Kustis, a sac ; and Eid^R, resemblance ... 185 
Cystolithes. Or. Kustis, a sac ; and Lithds, a stone ... 206 



DA^.£AC£L£ ... ... ... ... ... ... 351 
Daphne 30, 336 

Datura... ... •.• ... ... ... ...64,169,332 

De CandoUe ... ... ... ... ... ... ... 299 

Deciduous. Lai, De, down ; and Cado, I fall ... 35, 116 
Decompound. Lat. De, down ; Con, together ; and Pono, 

X place ... ... ... ... ... ... ..■ 00 

Decurrent. Lat, De, down ; and Curro, I run 49 

Decussate. Lat. De, down ; and Cutio, I strike ... ... 37 

DedupUcation. Lat. De, down ; and Duplex, double ... 104 
jjenoiw6 ... •.. ... ... ... ... ... Ov 

Defoliation. Lat. De, down ; and Folium, a leaf... ... 225 

Dehiscence. Lat, De, down ; Hisco, I gape 149 

JDeiphiniuD) 170,305 

Dentate. Xa(. Dena, a U>o\]d ... 50 
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PAai 

DesmidiesB ... ... ... ... ... ... ... 856 

Diadelphous. Or. Dis, twice; and AdfilphSs, a4>rother ... 106 

DialyHopalous. Or. DialuO, I separate ; and Sdpaldn, a bepal 1 18 

Dialomaceae ... ... ... ... ... ... ... 856 

Dichlatnydeous. Or, Dis, twice ; and Obalinus, a oloak ... 98 

Diclinous. (?r. Dis, twice ; and KiinG, a bed 100 

Dicotyledons. Or. Dis, twice ; and KotulSd5n, a seed lobe 168 

Dictyo^ons. Or Dictudn, a net ; and OennaO, I produce 846 

Didynainous. Or. Dis, twice ; and Dunamis, strength ... 134 

Dij;,Mtalis ... 64, 882 

Dimidiate. Lat Diraidium, a.lialf 180 

Di(x3ciou8. 6^r. Dis, twice ; and OikdSy a house 102 

Diplocolobew 809 

])iHk. (j/r. Disk Ofl, a quoit 110 

DiHHected. Lat. Dis, asunder ; and Seco, I cut ... ... 52 

DiMHcpiinent. Lat. Din, asunder; and Sepio, I hedge ... 141 

DiHtichous. Or. Dis, twice ; and Sticbds, a rank ... 84 

Distractile. Laf. Dis, asunder ; and Trabo, I draw ... 129 

Divergent. Lat. Dis, asunder ; and Vergo, I bend towards 114 

Dorema .' ... 94, 828 

Dotted cells ... ... ... ... ... ... .. 108 

J 'racfona •>. ... ... ... ... ... ... Aio 

Dryniis... ... ... ... ... ... ... 81^ 805 

Drupe. (?r. Drup8t3s, a ripe olive 154 

ifry rot ... ... ... ... ..- ... ... ^ol 

^'UKfvH ... ... ... ... ... ... .#• ... ^Xv 

Dulcamara ... ... ... ... ... ... 80, 831 

Duramen. Lat. Durus, hard 229 



T^AR-COCKLE 285 

■^ Ecbalium 206, 821 

Klaterium ... ... ... ... ... ... 206, 821 

Xv laLors ... ... >•• ... ... ... ... ... X I o 

Klomi ... ... ... ... ... ... ... 207, 816 

Emarginate. E, out of ; and Margo, the margin 49 

Kml)i7o. (7r. Embrufin, an embryo 169 

Ktnbryo sac ... ... ... ... ... ... ... 269 

Endocarp. (7r. End^n, within ; and Earpds, frnit ... 149 

Endogenous. Cfr. End^n, within ; and GSnnaA, I produce 225 
Kndophlceum. Or, Enddn, within ; and Phloids, bark ... 231 
Kndopleura. (7r. EndSn, within ; and Pleura, a rib ... 166 
Endorbizal. Or. EnHftn, within ; and Khiza, a root ... 232 
Endosperm. O. P^ndfln, witliin ; and Spfirma, seed ... 167 
Endostome. Or. Enddn, within ; and St6ma, a mouth ... 164 
Jtintire ... ... «•• ... ... •• ... ««« xra 

Ej)icalyx. (?n Epi, upon ', and 'KqXmx, «i q>x^ ^^ 
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Epiearp. G'r. Epi, upon ; and Elarpds, a fruit ... 149 

Epidermis. (?r. Epi, upon ; and DSrma, skin 216 

EpigeaL Or, Epi, upon ; and 6e, the earth ... 275 

Epigynous. Or, Epi, upon ; and Gnoe, female 167 

Epipotalous. Or, Epi, upon ; and PStalOn, a petal ... 1^3 

Epiphloeum. Or, Epi, upon ; and Phloids, bark 231 

Epiphytes. Or. Epi, upon; and Phutdn, a plant ... 235 

Episperm. (rr. Epi, upon ; and Sp^rma^ seed 166 

Equisetacea ... 173, 352 

Eqnitant. L(U, Equito, I ride 72 

Ergot ... ... ... ... ... ... ... 170, 349 

Enoaoeao ••• ... ... ... ... ... ... 328 

Esoholtzia 116 

JfitsBno ... ... *.. ... ... ... ... ... lou 

EuphorbiacesB 336 

Exalbuminous. L(U, Ex, without; and Albumen, albumen 167 

Ezorescent. L(U. Ex, out of ; and Oresco, I grow ... 92 

Exhalation. Lot, Ex, out of; and Halo, I breathe ... 253 

Exogenous. Or, Exdn, without ; and Qfinnao, I produce 225 

Exogonium ... 12, 331 

Exorhizal. Or, Exdn, without ; and Khiza, a root ... 235 

Exostome. Or, Exdn, without ; and Stdma, a mouth ... 164 

Exserted. Lat, Ex, out ; and Sero, I sow 134 

Exstipulate. LtU, Ex, without; and Stipula, a stipule ... 56 

Extine. Lot, Ex, without 264 

Extrorse. Xa^. Extra, without 128 



I^aBAGE.^... ... ... ... ... ... *•* 317 

Families ... ... ... ... *•• ... ••• 289 

Fasoiation. Za^. Fascis, a bundle 92 

Fascicle. Xa<. Fascis, a bundle ... ... ... .. 86 

Fasciculated roots. Za£. Fascis, a bundle ... ... ... 9 

Favells. Zo^. Favus, a honeycomb 187 

Ferns ... ... ... ... ... ... ••• 171, 351 

Fertilisation ... ... ..• ... ... ... ••• 262 

FibriUsa. Lat Fibra, a thread 235 

Fibro-vascular. Lat Fibra, a thread ; Yas, a vessel ... 222 

Filament. Lat Filum, a thread ... ... 127 

Filioes ... ... ... ... ... ... ... 170, 351 

Filiform. Lat. Filum, a thread ; and Forma, shape ... 127 

Fimbriated. Zo^. Fimbria, a fringe 117 

Flagellum. Za& Flagellum, a thong 26 

J7 JftX ... ... ... ... ... ••« ••• ••■ OXO 

Floral envelopes ... •>> ••> ••• ••• ••• 113 

Fioridess 186,355 

Flower ^^ 



Follicle. Xaf. FoUia, » bftg . 

Food uf planU 

FornnieD. Lat, Faramin,a 



F""Ki 

Faiiiculua. Lai. Funii, > cord 

Funifonn. LaL Fusiu, k ipindle j aod Fornu, ihaps 



Oalipea 30, SU 

Garnliir Oi, S2S 

Gamboge 207, 311 

GsmopeUlouB. Or. OamS), muTiage ; and FGUlfin, a peUl 103 

GaioLnia 207, 311 

GauteromycatM 180 

Gttudicbftud 261 

GBDtUn 12, 881 

Genu 288 

Gaograpbioal botany 367 

GerHniaceEB 813 

GerminaUon. Lot. Qsrmen, a iprout Hi 

Gibboiu. XdJ-Gibbni, hunehbaoked 117 

Ginger 18, 3M 

Olabrona Z>a(. Glaber, tmooth (15 

Glands 221 

GUbb. Zat Olnnn, An neom 160 

Glometulue. Lai. Glomus, AClue 86 

Gluiiiea. ial-Uluma, cbntf 77 

Glumifene 3t7 

Oluttn. i^Eit. Gluten, glut 244 

Glyoirrbiza 12, 317 

Uunidin. Or. Gaufia, a race ; and BidSa, niembUnoe ... 182 

Goesyplum 170, 811 

Graminaceie 3W 

GroMulariaoetB 321 
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PAGB 

GyniDospermia. Gr, Gumnfis, naked ; and SpSrma, seed... 341 

Gynandrous. Qr. Gune, a woman ; and Phfiro, 1 bear ... 136 

Gynobase. Gr. Gune, a female ; and Basis, a base ... 110 

Gynobasic. Gr. Gune, a female ; and Basis, a base ... 146 

GynsBcium. Gr. Guue, aleOM^e; and Oik5s, a house ... 126 

Gynophore. Gr, Gune, a ^pmale ; and PliSrS, I bear ... 110 



H^MATOXYLUM 30,318 

Hairs 217 

Hastate. Za^. Hasta, a spear ... ... ..- ... 49 

Heartwood 229 

Helicoid. Gr. HSlix, a screw ; Eidtts, resemblance ... 89 

Hellebore 12, 305 

Hemidesmus ... ... ... ... ... ... ... 12 

HepaticsB 181, 353 

Hermaphrodite. Gr. Hermes, Mercury ; and Aphrodite, 

V enus ... ... ... ••> ... ... ... jLv/v 

Hesperidium. Zat Hesper, the West ... 158 

HeterodromouR. Gr. Hdtgrds, dissimilar; and Drdm5s, a 

race-course ... ... ... ... ... ... 35 

HeterorhizaL ^r. H6t6r6s, dissimilar ; and Rhiza, root ... 232 

Hilum. Zo/. Hilum, the black point of a bean ... ... 163 

Histology. Gr. Histos, a web; and LSgfls, a description... 190 
Homodroinous. Gr. H6moi6s, similar ; and DrdmSs, a 

comse .. ... .• ... ... '.. ••* Ov 

Hybrids. Gr. Hubris, mongrel ... ... ... ... 270 

Hynieniunj. Gr. Humen, a membrane ... ... .. 184 

Hymenomj cetous. Gr. Humen, a membrane ; and Mukes, 

a fungus ... ... ... ... ... ... ... 184 

Hyoscyamus ... ... ... ... 31, 64, 332 

Hypocrateriform. Gr. Hup5, under ; Krater, a cup .. 122 

Hypogeal. 6V. Hup5, under; and Ge, the earth ... ... 275 

Hypogynous. Gr. Hiip6, under ; and Gune, a female ... 106 



IMBRICATE. Lat. Imbrex, a roof-tile 36 

Imparl pinnate. Lat. In, not ; Par, equal ; and Pinna, 

wing ... ... ... ... ... ... ... 55 

Included. Lat. In, within ; and Claudo, 1 shut ... ... 134 

Incomplete. Lat, In, not ; Con, together ; and PJeo, I fill 98 

Incumbent. Lat. In, upon ; and Cumbo, I lie ... ... 169 

Induplicate. Lat. In, upon ; and Cumbo, I lie ... ... 72 

ludusium. Lat Induo, I put on ... ... ... ... 172 

Inferior. Lat. Infra, beneath ... ... ... ... 107 

JnAorescence. Lat. In, upon; and Flos, a flower 74 

Jnfundibul form. Zat, ln,m\.o •, asA¥Miido, I pour ... 121 



INDEX. 873 

pAoa 

Innate, iyaf. In, into ; and Natus, born 128 

Intc^umentum. Lai. In, upon ; and Teijo, I cover ... It53 

Internodes. Lat. Inter, between ; and Noduo, a knot ... 14 
Interpotiolar. Lot. Inter, between ; and Petiolus, a leaf* 

StalK ... ... ... ,aa ... ... ... Ov 

Intine. Lat. Intus, within 264 

IntrafoliaceouB. Z^a^ Intra, within ; and Folium, a leaf ... 68 
Intrapetiolar. Lat. Intra, within ; and Petiolun, a leaf- 

HLaiK ... ... ... ... ... ... ... oo 

Introrse. Lat. Intra, within 128 

Involucre. Lat. In, upon ; and Volvo, I roll 77 

Involute, /vtt^ In, upon ; and Volvo, I roll 70 

Ipecacuanha 12, 825 

Irregulir 103 

iHomerous. Or. IsOs, equal; and M6r5«i, apart 102 

iHostemoDous. Qr, ladu, ei^ual ; and IStemOn, a stamen ... 138 



JOINT. Zrt^ Jnngo, I join ^ 89 

" Juga. Za^ Jugum, a yoke b5 

Ju^dandaceiD 838 

Jungermanuiaceae 181, 363 



T/^PjKu ... ... ... ... ... ... ... Ill 

-*-^ Kino 206, 817 

Kousso ... ... ... ... ... 93, 319 



T ABIATI<L Za«. Labium, a lip 122 

-^ LabiatoB ... ... ... ... ... ... ... 832 

LahiatiHorte ... ... ... ... ... ... ... 827 

Laciniate. Zu^ Lacinia, a fringe ... ... . ... 117 

Liictuca ... ... ... ... ... ... 206, 827 

Lamellae. Za^. Lamella, a little plate ... ... ... 184 

Lamina. Lat. Ijamina, a plato ... ... ... ... 40 

Ijanceolate. Lat. Lanceula, a little lance ... ... ... 48 

LaticiferouH vessels. Lat. Latex, juice ; and Fero, I carry 212 
LauracetB ... ... ... ... ... ... ... 336 

Lavender ... ... 94, 333 

Layering 27 

Leaf ... ... ... ... ... ... ... oJ, Jdiia 

Legume. Aa^ Legumen, a pod ... ... ... ... 153 

Lcguminosse ... ... ... ... ... ... ... 817 

Lunion ... ... ... ... .. ... ... ... 160 

Liber. Za^ Liber, a book ^81 

Lichenes ... ... ... ... ... »»» ^X^^'^J^V 



LignUto. IM. LisuU, a >tr>p, or Uttle tongne 
Ligulc. Xaf. Liguli, % itnp, or little tongue 
LiguUflone 

Linear. Lot. Liuaa, kline 

LianieaD ijitcm 



Lobeli* 








SO, 327 










... 327 


Loouli. Zoe. Locul, a plua 






... 141 










... 160 
















... 349 


L0g.<.i««B ... 








... 830 


Logwood 








80, 818 


Lomentam 








... 1S4 











176, 862 


TlfACB 






... 


... 168 


ft. ft-. liikrBs, long i 


r'uid 


GSoSi 


'■ * ,„. 


nwe ... 








... 186 


MMpolilCUB ... 








... 305 


M»l*iu:»B 








... 310 


Manure* 








... 24S 


Marcmcent. hat. 


Marcesoo, I vitbet 






... 116 


M.T«ma of le»voa 








... 49 


Ma™ile«oB* ... 








175, 352 


Histiche 








... 207 


Medullary rajs. 


Zttt-'ilediiii, murrowo 


rpith 




... 229 


MedullBi; Bhesth 








... 227 


Melaleuo> ... 






".'.. 61, 


, 209, 319 


Md«„.,Bt>«rme» 


' 






187, 8S5 



Mfli 

Menisperinrnjeie 305 

Mericatrp, ft". MBrfls, » part; and KarpOi, fruit ... 169 

Meeocarp. ft-. MSBita, in the middle ; and KarpiSa, fruit 149 
MesnphtcBum. ft-. MflsOs, in the middle ; and PhloiOa, 

bark 231 

MetamorphoBiB. Gt. MSta, change; and Merphe, shape 104 

MezereoQ 30,888 

Uici»p;le. ft. Mikrfia, Bmall ; and Fulai, a pass ... 164 
Mooadelphius. Or. MOnOs, solitary ; and AdSIphSs, ft 

brotfaer 134 

Moniliform. Lot. MoiDVle, t> TittoVaw, aad Forma, sliape 



INDEX. 



375 



Monocblamydeous. Or. Mdnds, solitary ; and ChlamuB, a 

ClOftK •.. ... ... ... ... ••• ... Xvv 

MoDocotyledoDous. Or. Mdnds, single ; and KotulSddn, a 

866(1 iODG ... ... .., ••• ••• ... ••• lOtf 

Monoecious. Or. Mdnds, alone ; and Oikds, a bouse ... 101 
Monosepalous. Oi\ Mdnds, single; and SSpaldn, a sepal... 118 
Morphology. Or, Morphe, shape ; and Ldgds, a descrip- 

VlUU 99t ••• ••■ ••• ••• ••• ■•• ^f V 

Mosses 177,858 

Murconate. Za^ Mucro, the point of a dagger 49 

Mucuna 161, 817 



Multiple fruits 
Myristicaceae . . . 
Myrospernium... 

Myrrh 

Mvrtacee 



••* 
••■ 
•• • 

••• 



... 
••• 

••• 



159 
... 886 
... 817 
207, 886 
... 819 



|\| AHTHiEX ... 

•^' Natural system 

Nectaries 

Nervation. Lat, Nervus, a thread ... 

Nicotiana * 

Nodes. L<U. Nodus, a knot... 



207, 822 
... 298 
106, 125 
... 48 
64, 882 
... 14 



Nosology. Or. Ndsds, sickness ; and L5gdS; a description 282 

Notorhizetfi 808 

Nucleus. Zo^. Nucleus, the stone of a fruit ... 168,192 

^^ U V ••« ■•• ■«• ••• ••• ••• ••• ••• X t/lr 

Nutmeg 169, 836 

Nux vomica 169, 880 



QBCOKDATE. Lat. Ob, against ; and Cor, the heart 
^ Oblong. Lat Ob, against ; and Longus, long 
Obovate. Lat. Ob, against ; and Ovum, an egg .. 
Obsolete. Lat, Obsoleo, I grow out of use 

Obtuse. Lai. Obtundo, I blunt 

Obvolute. Lat. Ob, against ; and Volvo, I roll ... 
Ochrea. Zo^. Ochrea, a greave 

v^uHGw ... ... ... ... ... ... ... 

vriciium ... ... ... ... ..I ... ... 

\yi6ac6se ... ... ... ... ... ... 

Olibanum ... ... ... ... ... ... 

xynftgrac6w ... ... ... ... ... ... 

Operculum. Za& Operculum, a lid... ... 

OphioglossacesB '. 



48 
47 
48 
120 
49 
72 
58 
26 
, 284 
829 
207, 816 
820 
179 
, 852 



876 INDEX. 

TAOS 

Opimn 206, 306 

Opposite leaves 

\^i sUk V ••« ••• •■• ••• ••• 

OrbicuUr. Xol. Orbis, a circle 
Orchidacee 

V^*UV7ao ••• ••• ••• ••• ••• 

Orthotropoos. Gr, Orihds, upright ; 

vUlD ••• ■•• ••• ••• 

Ovaiy. Za<. Ovum, an egg 

Ovate. Lat. Ovum f tun egg 

Ovule. L€U. Ovulum, a little egg ... 



32 
160, 312 
... 47 
... 346 

• • ... ... Aoa 

and Trepo, I 

164, 265 

143 

48 
162 



pAllffiONTOLOGICAL botany 361 

•*- Palate. Za«. Palatum, the roof of the mouth ... 123 

Palmate. Lai. Palma, the palm 51 

Panicle. Zo^. Panicula, the flower of a reed 82 

PapaveracesB 306 

Pupilionaoeons. Zot. Papilio, a butterfly 120 

Pappus. €fr. Pappds, the down of thistles ... 116 

Pimuiel-veined 47 

Paraphyses. Or, Para, beside; tad Phud, I grow ... 183 

Parasites. €fr. Para, for ; and ffitds, food 235 

Parenchyma. Or, Para, beside; and Chumds, juice ... 216 

Partite. Zo^. Pars, a part ... 54 

Pedate. Xai. Pes, a foot 52 

Pedicel. Lot, Pes, a foot 75 

Peduncle. Lai. Pes, a foot .. 74 

Peltate. Z«rf. Pelta, a shield 49 

Pepo. Lat. Pepo, a gourd 159 

Perfoliate. Lat. Per, through ; and Folium, a leaf ... 49 

Perianth. Or. PSri, round about; and Anthds, a flower ... 98 

Pericarp. Or. PM, round about; and Karpds, fruit ... 148 

Peridinm. (?r. PSri, round about 186 

Perigone. Or, Peri, round; and Gdn5s, a race ... ... 98 

Perigynous. Or. Pfiri, round; and Gune, a female ... 106 

Perisperm. (Tr. Pfiri, round ; and SpSrma, seed 167 

Peristome. Or. PSri, round ; and Stdma, a mouth ... 179 

Persistent. Zaf. Per, through ; and Sisto, I stop ... 55 

Personate. XcU. Persona, a mask ... ... 123 

Petaloideae 344 

Phanerogamia. Or, Phanerds, apparent ; and G«m5s, 

marriage ... ... ... . . ... ... ... 303 

Phragmata. Or. Phragma, a partition 143 

PhyUaries. (?r. PhuUdn, a leaf 77 

Pbyllodea, (/r. PbuU6n, a Ua^ •, axid Eidds, resemblance 39 

Piiyllotaxy. GV. Pbi^l'iftii, a\eai\ «jAT*aaa,«ct»sv^\si!^^^ 32 



IlSDEX. 377 

FAOa 

Physiology. Or. Phusis, nature ; and L5g6s, a description 242 

Phytons. (7r. Pliutttn, a plant .. .. ... ... 251 

Pileorliiza. Lat. PileuH, a ca{»; and (Jr. Rhiza, a root ... 232 

Piluus. Xa^ Pilous, a cap ... ... ... 184 

Pimenta 161,319 

Pinnatifid. Za^ Pinna, a wing ; and Findo, I cleave ... 51 

Pipwracoa? ... ... ... ... ... 839 

PiHtil. Lat, Pistilluiu, a pest e 187 

A. Will ... ... .«( , . ... ««• ... ... ^tdi 

Pitted tissue ... ... ... .. ... ... ... 214 

Placenta. Lat. Placenta, a cake 141 

Plantaginaceuo... ... 329 

Pleurenchyina. Or. Pleura, the ribs ; and Chumtts, juice 214 

Pleurorhizetu ... ... ... ... ... 808 

Plumule. Lai. Pluma, a feather 168, 276 

Podophyllum .. '18,306 

Podosperm. Or. Pous, afoot; and Spfirma, seed... ... 163 

Pollen 136, 261 

PoUinia ... ... ... ... ... ... ... 136 

Polyadelphous, (rr. P61u8, many; andAdSlphtts, a brother 185 

Polycarpic. Or. POlus, many ; and Karpds, fruit ... 271 
Polycotyledouous. Or. Pdlus, many ; and Kotul5d5n, a 

secci i()L)0 ... ... ... «•• ... ... ... J Off 

Polygalaccto "• 812 

Polygonacew 886 

Polyuupalouu. Or. Pdlus, many ; and SSpaldz, a sepal ... 113 

i&^^IMlY ••« «•« •«« ««. «»« ««« ««■ t«< Ovw 

X i/IliUnBc ••• ••• cct ••• ••• ••■ • • • XOL 

PnuHoiation. Lat. Prte, before ; and Flos, a flower ... Ill 

Pnu foliation. Lat. Prae, before; and Folium, a leaf ... 67 

x^ricKies ... ... ... ... ... ... .. /tH 

Primiiie. Jjat. Primus, first... ... ... ... ... 168 

Primordial (Utricle). Lat. Primus, first; and Ordo, an 

order ... ... ... ... ... ..• ... WJi 

PrimulaewD .. ... ... ... ... ... ... 830 

Procumbent. Jjat. Pro, forth ; and Cumbo, I lie ... 19 

ProHoncliyma. (?r. J*r6H, toward ; and ChumOs, juice .. 214 

Protoplanm. Or. Prot6H, first ; and PlassO, 1 form ... 192 

Pulvinus. Xa^. Pulvinus, a cushion ... ... ... 39 

Piitamen. Lat. Putamen, the shell of anything 154 

Pyxidiuni. Lat. Pyxis, a small box 158 



QUASSIA 80,814 

Quincuncial. Lat. Quincunx, five- rowed ... .. 85 

Quinine 80, 210, 825 



878 INDEX. 

wj A\^ Ctt^ m ••• ••« ••• ••• ••• ••• •«• ^^ 

"^ Rachis ... ... ... ... *■■ ••> •.• /v 

Radicle. Lett. Radix, a root 5 

Ramification. XcU. Ramus, a branch ; and Facio, I make 29 

RaDunculacesB... .. ... ... ... 304 

Raphides. Lot. Raphis, a needle ... ... ... ... 206 

Receptacle. Lot. Recipio. I receive 95 

Reclinate. Lot, Re, back; and Clino, I bend 69 

RectiseriaL Lot. Rectus, straight ; and Series, an order... 36 

JVv KUl Wk m • m •• ••• ••• •■• ••• «•• •• Xv# 

Reniform. Lat Ren, a kidney ; and Forma, shape ... 48 

Reproduction ... ... ... ... ... ... ... 261 

Reproductive organs • 126, 171 

ResedacesB ... ... ... ... ... ... ... 309 

Respiration ... ... ... ... ... ... ... 253 

Reticulated venation 47 

Revolute. Za£. Re, back ; and Volvo, I roll 71 

RhamnacesB ... ... ... ... ... ... ... 315 

Jtvoeum ... ... ... •.• ... ... ... 1^1 ouO 

Rhizome. Or. Rhiza, a root 18 

RhodospermesB... ... ... ... ... ... 186,355 

Ricinus... ... ... ... ... ... ... 169, 337 

Ringent. Xo^. Ringor, I grin 123 

a\\/v Ii ••• ••• ••• ••• ••• ••• ••• ••• V 

JVOOvO vOGK ••• ••• ■•• ••• «•• ••• ••• io 

XvOo&vocw ••• ••• ••• ••• ••< ••• <•• OXO 

Rosaceous ... ... ... ... ... ... ... 120 

Rotate. Lat Rota, wheel 122 

Rotation. Lat Rota, a wheel 245 

AVuDiaC68B ... ... ... ... ... ... ... O^T 

Ruminated. Lat. Rumen, the throat ... 167 

'fvULacesd ■.. ... #•. ... ... ... ... olo 



CABADILLA 161,346 

'^ Saffron 147,347 

Sagittate. Za^ Sagitta, an arrow 49 

oBtiicaceie ••• ... ... ... •*. •*. ' ... oov 

Samara. Za^ Samara, fruit of the elm ... 157 

^•w L' ••• ••• ••• ••• ••• ••• ••• ••• iui/l 

Sarcocarp. Cfr. Sarx, flesh; and Karpds, fruit 154 

Sarsaparilla 12, 346 

SaxifragacesB 820 

Scalariform. Zo^. Scalse, a ladder; and Forma, shape ... 214 

Scammony 207, 331 

£(cape. Xot. Scapus, «i &\*ilV 76 



INDEX. 379 

Scbleiden ... ... ... ... ... ... ... 268 

Scilla ... ... ... ... ... ... ... 16| 846 

Scorpioid. Za^ Scorpio, a scorpion 89 

ScrophulariaceBB 882 

Secundine. Lot. Secuiidus, second 168 

Seed 166,278 

Senua ... ... ... ... ... ... ... 64, 818 

Sepals. Xo^. Sepio, I hedge 118 

Septicidal. Lai, Septum, a division; and Gsedo, I cut ... 150 

Septiiragal. Lat Septum, a division ; and Frango, I break 161 

Serrate. Zo^. Scrra, a saw 50 

Sessile. Zo^. Sedeo, I sit 89 

ooeatii ... .. ... ... ,,. ... ... ... 89 

Silicula. Za^ Siliqua, the pod of a bean 158 

Sillqua. Za^. Siliqua, the pod of a bean 158 

Simarubaceae 814 

SmilaceaB ... ... ... ... ... 845 

smut ... ... ... ... ... ... ... ... 283 

Soboles. Za^ Sobolesy a race ... • 18 

OOIIS ... ... ... ... ... ... ... ... i.xO 

Solanaceae 881 

Sori. (?r. S5r58, a heap ^ 172 

Sorosis. (?r. S5r5s, a heap 161 

Spadix. Za^. Spadix, a palm branch 88 

Spathe. Lat. Spatha, a spatula, &o. 77 

Species. Za^ Species, a kind 288 

Spermatia. Or. SpSrma, seed ... ... 182 

Spermatozoids. Or. Spfirma, seed; Z55n, an animal ; and 

Eidds, resemblance 180, 188 

opii^e ... ... ... ... ... ... ... ... oo 

Spines. Lat Spina, a thorn 27 

Spiral vessels 214 

Spongiole ... ... ... ... ... ... ... 284 

Sporangia. (?r. Spdra, a seed ; and Aggeidn, a vessel ... 175 

Spore. (?r. Spdra, a seed 175 

Squill ... ... ... ... ... ... ... 16, 845 

Stamens. Gr. StemOn, a stamen 126 

Staminodes. Or. StSmOn, a stamen; and £idds, resem- 
blance ... ... ... ... ... ... ... 1^7 

OLarcii ... ... ... ... ... ... ... ... jL\)o 

oteiiatse ... ... *•• ... ... ... ... oAo 

OLem ... ... ... ... ... ... ... ^^} ^^v 

Stigma, (/r. Stigma, a mark 146 

Stipules. Za^ Stipula, a straw 56 

Stolon. Lat. Stole, a sucker 27 

Stomata. 6^*. Stdma, a mouth 218 



380 INDEX. 

F.VGV 

Strobile. L<U. Strobilas, a pine-apple ... 160 

Strophiolea. Zot. Strophiolum, a garland 166 

Style. Gr, Stulds, a pillar 137 

Styrax ... ... ... ... ... ... 208, 329 

Subulate. Zo/. Subola, an awl 48 

OUwlk.61 9 ••• ••• ••• ••• ■•> ••• ••• Mf 

Superior ... ... ... ... ... ... ... 107 

Syconufl. (?r. Sukdn, a fig 160 

Symmetry ... ... ... ... ... ... ... 102 

SyncarpouR. (7r. Sun, together ; and Karpds, fruit ... 140 

Syngenesious. Or. Sun, together ; and Gennao, I produce 135 

Systematic botany 286 



rPAP-ROOT 7 

-*■ Taraxacum 12 

j.axaccflB ... ... ... ... .• ... ... vJti 

Tegmnn. Lat. Tego, I cover 166 

I enuni ... ... ... •«. ... ... ... ... 0^ 

Te^a. Zo/. Testa, a shell .. 166 

Tetradynamous. Gr. TettarSs, four; and Dunamis, 

strength ... ... ... ... ... ... ... 134 

Tetraspores. Gr. Tettarfis, four ; and Spdra, a spore ... 187 

ThalamiflorBB 107, 304 

Thalamus, (rr. Thalamds, a couch 95 

Thallogense 354 

Theca. Lat. Theca, a chest 184 

* IlvliUS ■•• ••• •■• ••• ••• ••• ••• ••« ^O 

Thyrsus. Za/. Thyrsus, a Bacchic rod ... 82 

XlgcllUS «•• ^.. ... ... ... ... ... 

Tobacco ... 64, 332 

Trachenchyma. Lai. Trachea, the windpipe : and Chumps, 

Tragacanth 207, 317 

Transpiration ... ... ... ... ... ... .• 252 

Triadelphous. Gr. Treis, three ; and AdSlphSs, a brother ... 135 

Tristichous. Gi: Treis, three ; and Stiohds, a row ... 34 

Tuber. Lat. Tuber, a bunch ... ... 19 

TubulifloraB ... ... ... ... ... . ... 326 

Turio. Lat. Turio, a shoot 27 



TTLMACE^ 337 

^ Umbel. Xa^Umbella, afan... ... ... ... 82 

Umbeliiferae ... 321 

Urceolate. Lot. "UrceoVMa, «i\\ViXft \i\ViVi« 121 



INDKX. 



381 



UrticftceaB 

Utriclu. Lat. UtriculuB, a little sao 



PAOI 

837 
164 



V" A GIN A. Lat. Vagina, a sheath 

Valerianaceae 

Valerian ... 

Valvate. Lat. Valve, folding doors... 

Varieties 

Venation. Lat. Vena, a vein 
Vernation. Lat. Ver, spring 
Versatile. Lat. Verto, I turn 
Verticillaster. Lat. Vertillicug, a whorl 
Vcrticsillnte. Lat. Verticilius, a whorl 

▼ cnHt in ••• ••• «s» ••• ••• 

Vexillum. Lat. Vexillum, a standard 



30 
825 
12, 826 
72 
288 
43 
65 
129 
86 
82 
214 
120 



WIIORLED 
Wood ... 



... 82 
80, 228 



'-^ Zones. 6V. Zr>nC, a girdle 

ZooRi)ores. Or. Zdon, an animal ; and Sf)dra, a spore 
Zoothecece. Cfr, ZOon, an animal ; and ThGkS, a sheath 
Zygoph} llacese 



346 
869 
186 
180 
813 



TUE END. 
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